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THE QUEST TO SAVE OUR OCEAN PLANET 


Times Mirror Magazines and the Smithsonian 


Institution wish to thank these companies for.their : АА) MOTOROLA— 


participation in, and contribution to, the largest marine 
environmental education program ever undertaken. 
This program is brought to you in part by... 
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Saving the 
Ocean 
Planet 


We live on a water world, the only 
such planet in the solar system. 
From time immemorial, we have 
been fed by the sea, navigated it, 
feared its power, and marveled at 
the magically diverse life harbored 
there. 

The sea covers two-thirds of 
Earth's surface but provides more 
than 99 percent of Earth's actual liv- 
ing space. It was the cradle of life, 
and it still nurtures life. Its green 
one-celled plants supply more than 
half the atmospheric oxygen that 
sustains us. Half the world's popu- 
lation lives within 60 miles of a 
coastline. In a sense then, the sea is 
man's ecosystem of last resort. 

That's why 
POPULAR SCIENCE 
has joined with 
the Smithsonian 

Institution in a 
joint project 


The first 
issue of the 
new POPSCI 
For Kips 
plumbs the 
oceans. 
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The green sea turtle is 
one of many endan- 
gered ocean creatures. 


that is the largest environ- 
mental education initiative 
in history. This Ocean 
Planet single-topic issue is 
the most ambitious, and 
perfiaps the most impor- 
tant, undertaken by 
POPULAR SCIENCE in its 123- 
year history. It is at once a 
celebration of the oceans 
and a call to action to 
maintain their health. 

Simultaneous with the publication 
of this issue, an 8,000-square-foot 
Ocean Planet exhibition will open at 
the Smithsonian's National Museum 
of Natural History in Washington, 
D.C.; over the next four years, it will 
travel to 11 other museums around 
the country. Both this issue and the 
exhibition explore the majesty, the 
mystery, and the fragility of the 
oceans. Eventually, the ocean con- 
servation message they carry will 
be conveyed to some 30 million 
people. 

A companion volume to the 
project, Ocean Planet, by Peter 
Benchley and Judith Gradwohl, cu- 
rator of the Smithsonian's exhibi- 
tion, is now available at bookstores. 

Ocean Planet is also the theme of 
our debut edition of PoPSci For 
Kids, a new bimonthly magazine 
prepared by the editors of PoPuLAR 
SCIENCE. Its mission is to offer a new 
experience that makes science, 
math, and technology fun for kids 
ages eight to 13. Mail in the card in 
this issue for a one-year subscrip- 
tion to PoPSci For Kips, or write us 
for more information. 

| hope you enjoy this Ocean 
Planet issue and that it helps give 
you new insights into our planet's 
most precious resource. 


ARTHUR FISHER, EXECUTIVE EDITOR 
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little treasures the waves deposited. 

. Growing up in Southern California іп 
the early 1950s, my imagination was 
limitless. We knew so little about the 
sea then, long before the theory of 
plate tectonics would explain the 
ocean floor’s systematic structure. We 
didn't know the average depth of the 
sea, or even that the largest mountain 
range on the planet lay beneath the 
waves, waiting to be explored some- 
day by a young boy from San Diego. 

In those days, people never 
thought twice when passing ships 
cleaned their bilges with the pristine 
waters of the Pacific. The oceans 
seemed so vast, never to be polluted. 
When the tuna and sardine fishermen 
returned to their home ports all along 
the California coast, they never 
thought the supply of fish would ever 

run short. 

Our knowledge of the ocean's 
weather system and, more important, 
its internal structure, was primitive. It 
seemed akin to a bathtub full of water, 
with a silent and motionless abyss at 
its center. 

In the 19605, our nation turned to 
the heavens, searching for solutions 
to our growing problems or simply 
dreaming about what might be. 

That was when private industry was 
promising to colonize space. And 
while we reached for the stars, we al- 
so turned to the sea, expecting the 
formation of a ^wet NASA" ocean 
agency, as our rich nation called upon 
its industrial might to explore and 
then exploit the wonders of Davy 
Jones' locker. 

That was when the bathyscaphe 
Trieste left San Diego to conquer the - 
ocean depths with its historic 35,800- - 


foot dive to the bottom of Challenger - — | й 


Deep off Guam, and when it seemed. 
like nothing could stop man's con- ` ==.. 
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build deep-diving submersibles for 
this new high-tech adventure. 

That was when the oil industry was 
just beginning to extend its drilling 
platforms offshore. And scientists 
were telling us about the rich mineral 
resources of the abyssal plains where 
vast expanses of mineral-rich man- 
ganese nodules lay waiting like gold 
nuggets for a modern-day forty-niner 
to just come and pick them up. That 
was when others were telling us 
about the potential bonanza of drugs 
from the sea that would help cure our 
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‘ailments, when engineers were trying 
27 think of ways to harness the ener- 
:: ‚бу of the waves and tides. 
= That was when Captain George 
ЭР. gaj ond and Jacques Cousteau were be- 

“ginning to live beneath the sea and 
N visions of underwater cities danced 
| * in the heads of dreamers like me. 

i As | sit in my library on Cape Cod 
_. thousands of miles away from San 
Diego and almost a half century later, 
| find myself revisiting those early 

З: childhood dreams. 
^N, We now know a great deal more 
4" about the sea and the land surface 
beneath it. Finally, after Neil 
E $ ‘Armstrong set foot on the moon, we 
mf" began to unlock the secrets of the 
: Mid-Oceanic Ridge. We've found it 
to be the largest feature on the plan- 
et, wrapping itself around the globe 
like a giant seam, covering 23 per- 

*» cent of Earth's total surface area. We 
поле г 7 also understand the ridge's origins 

А ^ and continued rebirth thanks to the 

concepts of plate tectonics. 

We have discovered exotic life 
“= forms in the sea's hidden recesses. 

Эф Life forms that live off the energy of 

EE AA ihe Earth instead of the sun, through 
27 201 magic of chemosynthesis. And 

L rom these life forms we may better 
nderstand the origin of life on this 
“planet and its potential on other plan- 
ets in our solar system and the uni- 
0 “verse beyond. We may even bioengi- 
c neer the offspring of these life forms 
. to help us process the toxins and pol- 
«cH M mSelutants of the industrial world above. 
ES - We have discovered minerals de- 
"posited around high-temperature 
к? “black smokers” that characterize the 
| i^ hottest of these life-sustaining hy- 
drothermal vents. Some remind us of 
a vast underwater Yellowstone Park, 
with inverted reflecting pools bounc- 
ing back the lights from our new, ad- 
vanced robotic vehicles. 

We have discovered oil deposits in 
ever-increasing water depths as engi- 
neers race to come up with bigger and 
better ways to extract those riches. 

But we have also discovered that 
the ocean's environment is more 
fragile than we ever thought, that its 
- living resources are not inex- 
haustible, and that its weather sys- 
S... tems are far more complex than we 


ever imagi ed. Wen 


ow know that the 
oceans control the globe's weather 
systems, moderating its extremes and 
making life on our planet possible. 

We have discovered that the deep 
sea contains a vast warehouse of his- 
torical artifacts. We have found 
through our exploration of the 
Titanic, the Bismarck, and the ships 
of Iron Bottom Sound off Guadal- 
canal, site of the famous World War 
II battle, that the deep sea is a pre- 
server of human history. I'm in- 
trigued by the fact that there is prob- 
ably more history preserved in the 
dark cold depths of the sea than in all 
the museums of the world combined. 
This year | will mount an expedition 
to find sunken ships along the Rome- 
Carthage trade route using a nuclear 
sub, the NR-1, recently made avail- 
able by the Navy. 

Yet despite these recent discover- 
les and the promise of more to 
come—including the potential for the 
extraction of thermal energy and 
medicines from the sea—a mood of 
pessimism has overtaken us. 

Perhaps it's a lingering 
hangover from the fatigue 
of fighting the Cold War | 
to an end, or a remnant .= 
of the cynicism of the 2 2 5 да : Т E 
'60s and '70s that fol- ^ = Jiss 


lowed Kennedy’s as- i NE 
sassination and the Е 


Vietnam War, a cyni- 
cism that seems to с ДР 
dampen our belief in our- === =. 
selves and in our ability to : 
live in harmony with Earth. 
lronically, the oceans are more im- 
portant to the survival of mankind 
than ever before. Today there are 
more people living on the surface of 
our planet than have inhabited it dur- 
ing the entire history of the human 
race. A population that has taken us 
more than 500,000 years to reach will 
double again in just the next century. 
Clearly, our generation and the 
next—and yet more generations to 
come—will not live on the surface of 
the moon, let alone Mars and Venus. 
Perhaps the most important image to 
return to us from space came when 
the Apollo astronauts focused their 
cameras back on Earth as they sped to 
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the moon, revéaling a tiny blue-green 
object lost in the black void of space. 

Earth is our spaceship and home, 
yet we live on less than 20 percent of 
its surface. If our species is to sur- 
vive and prosper in a world at peace, 
it must begin moving out onto and 
beneath the sea. 

Having spent more time than most 
in the deep abyss, | realize that most 
of our planet exists in a world of eter- 
nal darkness, a world of mud and 
gloom where | would not send my 
worst enemy 10 live. 

It is not there that | see the future of 
our race. It is on and in the shallow 
depths of the world's oceans. Unfor- 
tunately, | know of no major effort on 
the part of our country to determine 
the plausibility of such a future, or 
more important, the technologies 
needed to make it happen. 

But even if we learn to live below 
the shallow waters of the sea, the 
area of bottom surface reached by 
the sun's energy is roughly equal 
only to the area of the North 

, American continent. Thus the sea 
\. тау provide ап opportunity 
i. thatthe generations of the 
үг future may use for some 
extra living space, but 
eventually it will not 
be able to sustain a 

continually expanding 
human population. 

The only way we can 

solve this problem is to 
educate the young to the 
true perils they face if pop- 
ulation growth is not carefully 
controlled. 

The present and future generations 
of young minds entering this world 
are no different from the little boy who 
grew up in San Diego so many years 
ago. | have great faith in their ability to 
meet the challenges of the future if we 
only teach them how to dream. And if 
they do, | am confident the oceans, 
the lands beneath, and the life within 
will play critical roles in their future. ш 
Robert Ballard discoverer of the sunk- 
en Titanic, /5 Director of the Center for 
Marine Exploration of the Woods Hole 
Oceanographic Institution on Cape 
Cod, Massachusetts. 
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Hublin unearthed a few fossilized skull fragments. Then Hublin and a team of IBM scientists fed 
this shattered 3-D jigsaw puzzle into a unique program called Visualization Data Explorer." The tiny 
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pieces helped form an electronic reconstruction of our early ancestor, the first Homo sapiens. This 
new IBM technology has turned time back 400,000 years, uncovering clues to the origins of mankind. 
What can visualization technology reveal to you? Call 1 800 IBM-3333, ext. G101, and see. 


Solutions for a small planet™ 


IBM is a registered trademark and Visualization Data Explorer and Solutions for a small planet are trademarks of International Business Machines Corporation. © 1995 IBM Corp. 
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Virtual Diving 
‘ Scuba TV 


oure 200 feet down, ona 
mission to explore a 100- 
year-old wreck. You lo- 
cate the ship, and your 
companion motions for 
you to follow him. But be- 
fore you go, you swivel a 
tiny black eyepiece in front of one 
eye. Then you turn on the TV. 

Sound crazy? Not to Dennis Gal- 
lagher at the Navy’s Coastal Sys- 
tems Station in Panama City, Fla. 
Divers on military and scientific 
missions, he says, often want to 
view maps, instructions, and other 
graphics while keeping both hands 
free. The typical handheld under- 
water monitor, however, doesn't al- 
low for this. 

Now Gallagher and his col- 
leagues have crafted a solution: a 
head-up color display no bigger 
than a postage stamp. It consists 


A device 
attached to a 
diving mask 
projects, for 
example, oxy- 
gen and depth 
data a few feet 
in front of the 
diver. The lat- 
est version is 
actually smal- 
ler than this. 


of a miniature 
LCD made by 
Seiko Epson, 
hooked up to an 
electronics package that projects a 
"virtual image" of the LCD in the 


STAL SYSTEMS STATION 


` É 


water several feet in front of the 
diver. The whole apparatus attaches 
to the diver's mask on a hinge so it 
can be quickly pushed aside. 

The technology, which the Navy 
plans to license to commercial man- 
ufacturers, creates a sensation 
every time it's shown to the public. 
Diving schools, for example, want it 
to help beginners monitor their 
depth and oxygen supply. Underwa- 
ter filmmakers want to use it as a 
viewfinder. And deep-sea divers, be- 
lieve it or not, want to watch movies 
or TV programs on it. After lengthy 
forays underwater, divers must de- 
compress for several hours. What 
could better help pass the time than 
a few episodes of, say, “Baywatch”? 
—Robert Langreth 


be Toxic Ocean 


he mysterious “red 

А tide" thought to 
cause widespread fish 
kills and occasional hu- 
man poisonings is one 
step closer to being un- 
derstood, thanks to a 
breakthrough at The 
Scripps Research In- 
stitute. Marine scientists 
there have successfully 
reproduced, or synthe- 
sized, the powerful neu- 
rotoxin emitted by sin- 
gle-cell algae formally 


Large, dense “blooms” 
of these pigmented algae 


dish color, hence the 
term red tide. Red tide 
can be deadly to many 
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: types of fish, shellfish, 
: and even marine mam- 
: mals such as dolphins 
: and whales. It can also : 
: threaten humans through : 
: either direct contact or | 
: seafood consumption. 


Until recently, 


: scientists knew little 

: about the brevetoxin 

: family of marine biotox- 
: ins linked to many red 

: tide incidents, but 

: the synthesis of a 

: key member of that 
known as phytoplankton. : 


family, brevetoxin 


: B, opens the door 
: for more progress. 
can give the water a red- | 
: toxin artificially 
: will make the al- 
: gae widely avail- 


Recreating the 


: able for study and enable 
: scientists to develop new 
: ways to detect, measure, 

: and counteract the toxin. 


An effective antitoxin 


: might still be several 
: years away, however. 


` —Chris O'Malley 


A large red tide 
bloom can clearly be 


seen around Matsu- 
shima island in Japan. 
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Climate 


Go Ask ALACE 


f you want to know the weather 
for the next few days, look up at 
the clouds. But for trends over 
the next few decades, you'll 
have to turn to ocean currents, 
especially those deep beneath 
the surface. "These currents 
distribute the heat absorbed from 
sunlight around the globe," says 
Russ Davis, a physical oceanogra- 
pher at the Scripps Institution of 
Oceanography in La Jolla, Calif. If 
scientists could map the currents, 
they could better understand the 
complex interactions between ocean 


and atmosphere. However, 
salaries and equipment for 3d 


a team of shipboard 
scientists tracking 
probes can run 
$30,000 a day. 
ALACE, the brainchild 
of Davis and his col- 
leagues, is a better 
solution. 

short for Autono- 
mous Lagrangian Cir- 
culation Explorer, 
ALACE is a torpedo- 
shaped aluminum ro- 
bot dropped by the 
dozens into the seas. 
Each ALACE sinks to 
1,000 meters (about 
3,300 feet), where it 


cce. iim 


em: 


ET zm > 


E ran г л ү? 
- йн АИ P... ч» 
Li = Ж r3 "hh юэ ! 
m n ї К й. E oo | ^ р 
ҮЛ ea ile “iin Та : = ki qe. ^ 
ix " k 2, pis 
5 дайн >: A ipu EL Im ri i, м ама + УНШ... y; 
^ 7 
4 Л : r^ EC. лы: = Ї 
3. " zm i ee J j 
| "c. 1 # РУ ! 
=. = | ) | 2-0 
& | No e 
| 1 | | их 1 ү? | al 
| 1 ^ ' | Ч | Ч". | 
= = л л ^ | "d 
129 | ! я i 5 
1 Ї m Ч А 
? , | j 
= VE Е... a ~ -~ 1 7 і 4 1 
3 ر‎ bak Um $e mo, "1 rf re == "mI. 4 ғ. PN i 
2 : 2 Wt. — : TI. 3 " 
" = ын | | v "act 
= WE aa а RS алж sui Жэт» = з, CL zi Р 
JA aut n ET. ut [ E | Peri ! 
5 5 nsi "n DE - 1 ig E 
Ч 5 ста, ау n 1 { ийн d 
ба! — = f 1 | 


MARIO FERRO 


The 


Food 


Chain 


The Secret of Marine Snow 


or centuries, marine 


dered how creatures sur- 
vive in the deep ocean. 
The primary food 
source for nearly every 
ecosystem, including 


surface waters, is photo- 
synthetic plants. But 
since those plants are 
absent in the darkness 
below 500 feet, who— 
ог what—is feeding the 
creatures of the deep? 


Studies using remote- 
ly operated submersibles : 


off the coast of Califor- 


: nia have revealed an 
biologists have won-  : 


unexpected food source: 


: the empty dwellings 

: and cast-off detritus 

: from mucus-secreting 

: animals. The slimy ma- 
: terial, known as marine 
those within the ocean's : 
: from microscopic bacte- 
: ria and single-celled 

: plants to small shrimp- 

: like creatures called 

: copepods. Prominent 

: among these creatures is | 
: the larvacean, a walnut- 
: size invertebrate that 


snow, teems with life, 


builds a combination 


| house and food net out 


MARY SILVER / U.C. SANTA CRUZ 


: of mucus sheets. When 
: the sheets get clogged 

: with debris, the tad- 

3 polelike larvacean wig- 
: gles out and sets its for- 
: mer home adrift. It then 
: becomes a mini-habitat 
: for copepods who nib- 

: ble on microorganisms 

: and use the abandoned 
| house as a mating cen- 
: ter for laying eggs and 

: rearing their young. 


Marine snow also 


| provides food for larger 
: animals, such as fish 

: that bite off chunks or 
: slurp up an entire 

: house. This phenome- 
: non short-circuits the 

: traditional food chain, 
: concentrating food nor- 
: mally too small to con- 
: sume individually into 
: larger delicacies. 

: —Mary K. Miller 


: The empty house 

: of a larvacean, a com- 
: mon marine-snow 

: producer. 
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Data-gathering robots sur- 
face by pumping oil into a 
membrane across the base 
of their aluminum cases. 
As the bladder expands, it 
increases a robot's volume 
without changing mass 
(reducing its total density), 
so the device rises. 


bobs in the currents. About once a 
month, the robot surfaces to give 
data on temperatures and salinity, 
and to transmit its current location 
to weather satellites. ALACEs last 
about 70 cycles (of about 25 days 
each), and cost just $10,000 apiece. 

There are now about 325 ALACEs 
in the Pacific, Atlantic, and Indian 
oceans. They've even drifted into 
the iceberg-laden Antarctic. 
“ALACEs operate for Earth the way 
interplanetary probes work," says 
Davis. "They're off doing amazing 
explorations in places where we 
can't conceive of being." 

The ALACEs’ wanderings will 
form part of the World Ocean Circu- 
lation Experiment, a multiyear inter- 
national effort that is exploring the 
link between oceans and climate. 
--Мапейе DiChristina 
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Global Warming 
Confirmation at Last? 


ccording to newer, more 

precise measurements, 

the global average sea level 

rose three millimeters in 

each of the past two years. 

If this trend continues, It 

could provide strong evi- 
dence of global warming. 

| The measurements come from the 

| Topex/Poseidon satellite, a joint ven- 
ture between the United States and 
France that was launched in 1992. 
Topex measures sea level witha 

radar altimeter, a device that repeat- 
edly bounces radar beams off the 
planet's surface and then calculates 
how long they take to return to the 

| satellite. 

Before Topex, climatographers had 

to rely on coastal tide gauges to 

measure sea level. Although these 
gauges have been recording rises of 

one to two millimeters per year, these 

results were regarded as uncertain 

| because there аге few gauges and 
because they are attached to piers, 
which can shift over time. Now re- 


Attack of the Killer Sponges? 


Ye "LI PT: av ( he "us 1 


that sponges (the natur- 


al kind, not the plastic 
knockoffs) were sate, 
harmless creatures that 
soaked up lots of water 
and tilter-fed off micro- 
scopic nutrients. Well, 
that's what scientists 
thought гоо, Until now. 
In the dark recesses 
of a shallow underwa- 
ter cave in rhe 
Mediterranean, 
French zoologists from 
the University of the 
Mediterranean have 
discovered a startline 
new species: carnivo- 


rous sponges. The 


stagnant water in 7, 
the cave makes til- F 


d 
ter-Feedinge im- 
possible, 518) 

sponges that 

live there 

have devel- 


oped passive 


h iM Кз. These he n 195 


E. n. I HE ний ч, 
wor а 


tentacles covered with taceans that happen to 


microscopic, Velcrolike swim by. Within one 
day after capture, new 
snag shrimplike crus- rentacles envelop the 
unlucky victims, essen- 
A Dew species of car- tially burying them 
Dnix*ofrotris sponge ses alive. Digestion then 
its tentacles to snag begins. 
Unsuspecting prev. “This is the equiva- 
lent of finding a human 
with vills,” exclaims 
Michelle Kelly-Borges, 
a sponge expert at Lon- 
don's Natural History 
Museum. The sponge's 
only known relatives 
live Ur the CAT ar MOT. 
But don’t worry, саг- 


DIVOTOLS рое» аге UN- 


likely to inspire any bad 


movies: They eat on- 
ly animals thar are 
less than 41 halt- 
centimeter 
long. 
ah; Ёс: 
ГЖ ac 


J. VACELET / UNIVERSITY OF THE MEDITERRANEAN 


year. It's probably too soon to reach | 


firm conclusions, however. The high 


Medicine 


searchers have a more definitive 


measuring tool. 


The Topex results are consistent 
with computer simulations of global 


sea levels, for example, may merely be 
a phenomenon caused by EI МПо, an 

anomalous ocean current in the Pacif- 
ic. [See “El Niño: The Weathermaker."] 


warming, which call for sea levels to 
increase two to seven millimeters per 
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HACCP emphasizes 
hazard prevention. It 
pinpoints ways in which 
seafood can become 
contaminated—from 
improper refrigeration 
when fish are first 


food inspection 

( Aplan that prevented 
astronauts from getting 
sick on the Apollo mis- 
sions may reduce your 
risk of getting sick from 
tainted seafood here on 
earth. 

This year the FDA 


will finalize a plan called 


caught to fluctuating 
temperatures in the ve- 
hicle that brings the fish 


Hazard Analysis Critical 
Control Points (HAC- 
CP). Like the program 
for the astronauts, 


to your grocer—and sug- 
gests ways of controlling 
or eliminating that risk. 
The FDA has proposed 
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Only several more years of measure- 
ments will tell for sure.—R. L. 


The FDA'S Newest Plan 


: that seafood companies 


. use HACCP to evaluate 


their own operations for 


: potential hazards and 


take steps to avoid them 
by the end of 1996. 
With the plan in 
place, the FDA expects 
an 18 to 56 percent re- 
duction in the number 
of seafood-related ill- 
nesses each year, which 
it estimates at 33,035.— 


Suzanne Kantra Kirschner 


Shellfish as Healers 


hitin, a natural polymer in | 
shellfish exoskeletons, has 
been made into water-resis- | 
tant paper and edible food 
wrapping. But recent work 

has demonstrated that it al- 

so has antifungal properties 
and promotes healing. 

North Carolina State University de- 
veloped a technique for manufactur- 
ing cottonlike strands of chitin that 
may be used to dress cuts and burns. 

A similar product has been produced 
by Unitika, a Japanese industrial gi- 
ant, but N.C. State researchers say 
their process costs less and produces 
stronger material. 

Finding the raw material is no 
problem, since North Carolina alone 
produces about 27 million pounds of 
shellfish waste a year.—Sandy Fritz | 


Sound 
Pillow Talk 


ish are not as quiet as 
Jacques Cousteau thought 
when he labeled the oceans a 
“silent world” in 1953. Bio- 
logist Phillip S. Lobel of the 
Boston University Marine Pro- 
\ gram in Woods Hole, Mass., 
has discovered that tropical fish 
make sexy sounds while mating. 
Divers are not able to hear these 
subtle sounds over the ocean's back- 
ground noise. But Lobel and two oth- 
er researchers found a way to listen 
to fish: They invented the Spawn-O- 
Meter, an underwater microphone 
that picks up low-frequency sounds 
and relays them via radio transmitter 
to a lab on shore. There, processors 


screen out background noise and 
digitize the signals for analysis. 

Lobel has used his device to identi- 
fy a variety of sounds. Toadfish in 
Woods Hole whistle when they mate. 
Nassau groupers make belly-rum- 
bling and creaky-door sounds. Ham- 
letfish beep, pulse, and roar. 

The Spawn-O-Meter helps biolo- 
gists identify breeding areas. Know- 
ing when, where, and how often fish 
normally mate also enables scientists 
to detect environmental changes. 

Lobel has adapted his microphone 
for home aquariums, so that fish 


fanciers can eavesdrop on their pets. 
The device, called Fish Fone, is avail- 
able for $195 from BioAcoustics Inc. 
of Woods Hole.—Sarah Keller 


JOHN McKINLEY 
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Showdown in the Galapagos 


By Robert Langreth 


t started last fall with 


ugly, slimy sea cucum- : 


bers—seven million 
of them, to be ex- 
act—being harvested 
from the protected 
waters of Ecuador's 
Galápagos Islands. It cli- 
maxed this January when 
fishermen with machetes 
took Galápagos re- 
searchers hostage to 
protest the closing of 
their fishing season. At 


stake in the ongoing con- : 


troversy is the fate of 
some of the most unusual 


Debris from a sea cucumber cookout. 


wildlife in the world. 
Biologists have long 

treasured the Galápagos, 

the eastern Pacific island 


chain where Charles Dar- : 


win made observations 
that led to his theory of 
natural selection. Con- 
sisting mostly of unin- 
habited parkland, the 
archipelago is home to 
the world's only marine 
lizard, the only giant tor- 
toises in the Western 


Hemisphere, and an array : 


of unique birds. 


So researchers were dis- : 


mayed when the Ecuado- 
rian government bowed 
to pressure from fisher- 
men and declared a 
three-month sea cucum- 
ber season in the Galápa- 
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gos starting last October 
15. Sea cucumbers, it 
turns out, are revered as 
aphrodisiacs in the far 
east. With many other 
sea cucumber fishing 
grounds exhausted, the 
pristine waters of the 
Galápagos had become 
the perfect target for am- 
bitious fishermen. 

The total take wasn't 
supposed to exceed 
550,000 cucumbers. But 
in the first two months 
alone, an incredible 800 
fishermen swarmed the 
Galápagos 
and 
snatched 
seven mil- 
lion cucum- 
bers from 


Researchers 
the islands 


were out- 
raged. They 


weren't worried about the : 


sea cucumbers them- 
selves—they're as com- 
mon as earthworms—but 
about the Islands' threat- 
ened reptiles. After 
catching 


A male marine 
iguana—the 
only ocean-feed- 
ing lizard in the 
world—flaunts 
its breeding 


colors. 


Endangered Species 


the sea floor. : 


stationed on : 


the sea cu- 
cumbers, 
many fish- 
ermen were 
illegally going ashore in- 
to parklands to dry the 
cucumbers for shipment. 
They left behind much 
debris, raising fears that 
rats from the fishing 
boats would scamper 
ashore and, without 
predators to stop them, 
run rampant. Of special 
concern to scientists: 
Rats find reptile eggs es- 
pecially tasty. Says Cana- 
dian ecologist Peter Bed- 
nekoff: "Rats would 
absolutely devastate a 
whole set of species if 
they got ashore." 


After protests from tour : 


operators and scientists, 
the Ecuadorian govern- 
ment halted the fishing 
season a month early. On 
January 3, several dozen 
fishermen, some armed 
with clubs and machetes, 
blocked the only road to 
the Charles Darwin re- 
search station on Santa 
Cruz island. For three 


days, they held 


F. 


Unlikely | 
delicacy: 
Sea cu- 
cumbers ёш; 
fresh АЁ 
(above) | 
and dried 
(right). 


scientists and their fami- 
lies hostage, threatening 
to slaughter giant tortois- 
es in the research center’s 
collection unless the fish- 
ing season was restored. 
Finally, on January 6, 
Ecuadorian government 
negotiators convinced the 
fishermen to disperse; a 
few days later it brought in 
troops to guard the labs. 
The archipelago is now 
quiet. But the major is- 
sues remain unresolved. 
Ecuador has put off a de- 
cision on whether to 
continue fishing until an 
international team of sci- 
entific experts makes a 
recommendation. A rul- 
ing, expected this 
summer, may de- 


“Sew termine the fate 


- ofthe world's. 
most famous 
ecosystem. 


Г JAN MACFARLAND 


CHARLES DARWIN RESEARCH FOUNDATION 
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Sound 
Fish Killer 


t sounds like science fiction, but 
researchers say it's a scientific 
fact: Microscopic organisms 
dubbed "killer algae" are paralyz- 
ing fish with unknown toxins and 
then eating away at their flesh. 
They might be making people 
sick too. 

The name given to this single-cell 
organism, or dinoflagellate, is Pfieste- 
ria piscimorte—literally, “fish killer." 
It was discovered at North Carolina 
otate University in 1988, but at the 
time few scientists believed in its ex- 
istence, much less in its highly un- 
usual predatory nature. But ongoing 
research has led to international ac- 
knowledgment of the phenomenon 
and, recently, research funding. 

Seemingly prompted by an un- 
known substance secreted by fish, 
the aggressive creature swims into 
action. It sends neurotoxins into the 
water and air, paralyzing a fish's ner- 
vous system and causing it to gasp 
for air at the surface. Eventually the 
fish suffocates. The killer dinoflagel- 
late then attaches itself to the fish 
and begins sucking away at its flesh. 
This macabre scenario may help 
solve several sea mysteries, such as 
why fishermen report seeing "fish 
walks" (fish trying to leave the water) 
and pools of dead fish with holes eat- 
en through them. 

Whether humans are affected by 
the dinoflagellate's toxin remains to 
be seen. Researchers think it's un- 
likely consumers eating fresh fish are 
in danger, but anyone with frequent 
exposure to the creature could be in 
peril. Several researchers working 
with the algae have reported bouts of 
memory loss and disorientation. 

To further understand the killer al- 
gae, scientists must fully characterize 
their toxin and determine what stimu- 
lates them to attack. They also need to 
know if the algae are hurting fish pop- 
ulations, and whether pollutants make 
them more likely to attack.—C. О. m 
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ALL-NEW 
WRANGLER AQUATRED. 
AT LAST, AN AQUATRED® FOR PICKUPS, VANS 
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ıt Squid 。 NOAA © New Submersibles | 


PETER ESSICK / AURORA 


| Seeking Gian 
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ts one of the last real mysteries of nature in the sea.” Clyde E E. Roper is staring at 
the ruffled waters of Florida’s Indian River from the stern of the Smithsonian Insti- 
tution’s research vessel Sunburst, as a low sun burnishes his fringe of whiskers. He is 
talking about the creature that has become for him an obsession, some might say al- 


most а mania—Architeuthis, the giant squid. He wants to catch one, not on a hook or in a 


net, but on film, from a deep-diving 
submersible. 

Exchange his squid-decorated 
T-shirt for a sou'wester, and the 58- 
year-old marine biologist could dou- 
ble for the doughty fisherman whose 
statue oversees Massachusetts' 
Gloucester Harbor. Indeed Roper was 
raised not far from there, in the tiny 
seaport of Rye, N.H., and spent sum- 
mers as a lobsterman in his youth. 

Now Roper is curator of the re- 
cently opened exhibit, "In Search of 
Giant Squid" at the Smithsonian's 
National Museum of Natural History, 
in Washington, D.C., where he has 
worked since 1966. He also spends 
much time at the Smithsonian's Ma- 
rine Research Station in Fort Pierce, 
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No one has ever 
seen a giant squid in 
its natural habitat—which Roper 
thinks may be 300 to 1,000 meters 
down—although they have been en- 
countered at the surface. For many 
years, the only specimens available 
for examination were those washed 
ashore dead or dying, or found in 

the stomachs of sperm whales. 
Within the last decade, they've be- 
gun to be caught in deep commer- 
cial fishing nets. 

"When you net a squid in the deep 
sea," Roper says, "the only ones you 
catch are the slow, the sick, and the 
stupid, because they normally have 
excellent eyesight and are extremely 
sensitive to what goes on around 
them. They have the most highly de- 
veloped brain of any invertebrate." 

No living giant squid has ever been 
maintained in an aquarium or re- 
search institution. So they remain an 
enigma. "We probably know more 
about the dinosaurs than about the 
giant squid," says Roper. "And that's 


what lures me on. | don't 
have to find the biggest. | just 
want to find where they live, what 
they do down there, how they move, 
how they mate.” 

What little scientists do know 
about these creatures is so intriguing 
that, as Roper puts it with forgivable 
hyperbole, “everybody in the world is 
interested in them.” 

The giant squid is a member of the 
cephalopods ("head-foot"), the class 
of marine animals that also includes 
the cuttlefish, the octopus, and the 
chambered nautilus. Some squid are 
tiny, little more than an inch long. But 
the giant squid lives up to its name. 
The largest specimen ever measured, 
one that was washed ashore in New 
Zealand in the late 1800s, was 60 feet 
long from the tip of its torpedo- 
shaped body to the ends of its two 
feeding tentacles, which are much 
longer than the other eight arms. This 
giant weighed about a ton. Roper be- 
lieves they may grow to as much as 
75 feet long—"massive, massive, un- 
believable animals." 

The mesmerizing eyes of the giant 
squid, with a prominent dark iris, are 
the largest in the animal kingdom, as 
big as hubcaps. At the center of the 
crown of arms is the creature's formi- 
dable mouth, with a strong parrotlike 
beak and a rasping, toothed tongue 


called the 
radula, which to- 
gether make mincemeat 
of its food. The powerful arms, 
thick as a man's thigh, bear rows of 
sharply toothed circular suckers "the 
shape of a plumber's helper," says 
Roper. So do the clublike ends of the 
far thinner but muscular tentacles, 
which can clamp down on prey like 
the jaws of some enormous pliers. 

An awesome apparition! Indeed, 
sightings of giant squid over the cen- 
turies are undoubtedly responsible 
for the vast lore of sea monster tales. 
Take the notorious Kraken of Norse 
mythology, a beast so huge and pow- 
erful that its thrashings were thought 
to spawn whirlpools. The word 
comes from the Norwegian for a tree 
trunk or stump with the roots at- 
tached—an apt description of the gi- 
ant squid. 

Aristotle called the giant squid 
teuthos. Pliny’s Natural History de- 
scribed one with arms "knotted like 
clubs" 30 feet long and a head as big 
as a cask. In 1555 the Swedish cleric 
Olaus Magnus wrote of "monstrous 
fish" of "horrible forms" with "huge 
eyes...One of these Sea-Monsters will 
drown easily many great ships pro- 
vided with many strong Marriners." 

In his 1851 epic masterpiece, Mo- 
by Dick, Herman Melville portrayed 
an oceanic eyesore of "vast pulpy 
mass, furlongs in length...long arms 
radiating from its center and curling 
and twisting like a nest of anacon- 
das." Other lurid but unsubstantiated 
stories abounded; one had six 
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French men-of-war and the four 
British ships that had captured them 
all being dragged under by a gigan- 
tic cuttlefish! 

The earliest realistic record of Ar- 
chiteuthis is of an animal beached on 
Iceland's shore in 1639. More sight- 
ings followed. In the 1850s, Danish 
zoologist Japetus Steenstrup ana- 
lyzed these accounts, examined some 
recent specimens, and concluded 
that the alleged sea monsters were, 
in fact, nothing more fantastic than 
giant versions of squid. (For a de- 
talled account of giant squid encoun- 
ters see Richard Ellis’ book, Mon- 
sters of the Sea.) 

But the air of terrifying mystery 
surrounding these animals is not eas- 
ily dispelled, especially not with the 
activity of master romancers like 
Jules Verne. In 1861 a French 
corvette attacked a 25-foot squid off 
the island of Tenerife with cannon 
and rifle fire, then tried to haul it 
aboard, but got only the tail-end. The 
skipper then called the whole thing 
off, says Roper, "lest the creature 
damage or injure the ship and the 
crew." Roper's retort: "How danger- 
ous is a giant squid full of cannon 
balls going to be?" 

Verne altered some of the details of 
the incident and included it in his im- 
mortal 20,000 Leagues Under the 
Sea. Verne has Captain Nemo's sub- 
marine Nautilus attacked by "a terri- 
ble monster worthy of all the legends 
about such creatures." In addition to 
saddling the giant squid with a vi- 
cious and implacable disposition, 
Verne gets most of its physical attrib- 
utes dead wrong. 

And 130 years later, novelist Peter 
Benchley wrote Beast, which featured 
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a vengeful 100-foot-long squid. "One 
of the things that's been my goal over 
the years," says Roper, "is to elimi- 
nate this mythology, with all its 
tremendous inaccuracy." 

Roper's entry into the world of the 
giant squid was circuitous. “From the 
time | was a littlest kid," he recalls, "I 
was enthralled by the sea and boats. | 
would hang around the harbor, and 
then when | was 14, | started com- 
mercial lobstering. In a couple of 
years | saved enough to buy my own 
boat and gear, and fished summers 
right on into undergraduate school, 
Transylvania University in Lexington, 
Ky., where | got interested in psy- 
chology and philosophy. I'd always 
loved animals, and thought often of 
becoming a veterinarian, but l'd nev- 
er put that together with the sea. 

"My older brother had been study-. 
ing with a noted marine biologist at 
the University of Maryland, and while 
we were out fishing together the 
summer before my junior year he 
said, 'You know, you can actually 
study animals in the ocean.’” 

Thus prompted, Roper spent the 
next two years "virtually living in the 
Transylvania science building" to 
achieve a biology major; he hadn't 
previously had a single science 
course. Next came graduate studies 
at the Rosenstiehl School of Marine 
and Atmospheric Sciences in Miami. 
At the end of his first year, Roper 
was about ready to give up school 
and go back to fishing. But one of 
his professors, a cephalopod expert 
named Gil Voss, collared him in the 
parking lot and offered him the op- 
portunity to work with him on a Na- 
tional Science Foundation grant. 
Roper accepted. “I'll never know 

whether he did it deliberately 
to keep me from 
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The clublike end of a giant squid’s super-long tentacle has a wide por- 


tion called the palm, lined with four rows of finely toothed, moveable 
suckers, which help in seizing prey. 
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quitting,” Roper says today. 

“Voss started me working ona 
group of mid-water squids called fire- 
fly or jewel squids,” Roper remem- 
bers. “They are covered with light- 
emitting organs...the most beautiful 
purples, greens, and reds...unique lit- 
tle animals. Then | found a couple of 
specimens | couldn't identify, no mat- 
ter what. It turned out they were a 
new species of squid. And Gil said, 
"That would probably make a pretty 
good master's thesis.’ At that point 
Га really gotten hooked. So | called 
my Dad and said, 'Sell my boat, sell 
my gear, just sell out.' | felt | needed 
to make the commitment to graduate 
school. And that was it. 

"That was in the summer of 1960. 
In 1966, with a Ph.D., | went directly 
to the Smithsonian's National Muse- 
um of Natural History, and l've been 
studying cephalopods ever since." 

Roper's academic—and culinary— 
encounters with giant squid actually 
led to an important insight into their 
physiology. Over the years, he has 
enjoyed preparing squid and octopus 
for dining, and even given courses on 
cephalopod cuisine for the Smithson- 
ian Associates. ("There's only one re- 
quirement for getting a passing 
grade; you have to at least taste what 
you cook.”) So he eagerly accepted 
an invitation to a celebratory cephalo- 
pod dinner party. His host was a 
Newfoundlander Ph.D. candidate who 
had just successfully defended his 
dissertation in a particularly grueling 
session at which Roper had served 
as an examiner. 

"There were 12 different cephalo- 
pod dishes to eat," Roper recalls 
with gusto. "We were devouring vari- 
ous kinds of squid and octopus, ac- 
companied by beer and screech—the 
infamous rot-gut rum they make in 
Newfoundland—and having a glori- 
ous time. Then the candidate said he 
had in his freezer some 
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giant squid, a piece that had come 
ashore. Now, nobody had ever tasted 
“giant squid. So of course we had to 
try it. And it was bitter and tasting of 
ammonia, really terrible stuff. The 
next morning we analyzed it in the 
lab, and found that there were am- 
monium ions—lighter than sea wa- 
ter—concentrated in the squid's tis- 
gues, serving as little personal 
flotation devices." 

Today, Roper is planning what 
could be the capstone to his career. 
He and other experts will pool their 
decades of experience with 
cephalopods to seek out giant squid. 
They plan to use one of a pair of a 
deep-diving submersibles chartered 
from Florida's Harbor Branch 
Oceanographic Institution, a premier 
marine research facility, to patrol tar- 
geted waters of the Atlantic and Pa- 
cific oceans and capture the elusive 
creatures on camera. 

The subs, the Johnson-Sea-Links, 
are named for Edwin Link, the famed 


inventor, and philanthropist Seward 
Johnson Sr., whose open-handedness 
contributed to their creation and to 
the establishment of Harbor Branch. 
Each sub has a large acrylic sphere 
for maximum viewability, and a full 
complement of special lighting and 
camera equipment. And it is capable 
of descending to the hypothetical 
1,000-meter-deep lair of Architeuthis. 

“We have learned so much," Roper 
says, about deep-sea animals by ob- 
serving and filming them from sub- 
mersibles, things we could only 
guess at before, or didn't have the 
slightest notion of...it's phenomenal. 
It will be magnificent to come right 
up to them and get an eyeball-to-eye- 
ball view of a living deep-sea 
squid...an incredible sensation. 
There's a tremendous and wonderful 
diversity of forms in squid. They are 
such fabulous creatures that | т even 
more excited about them now, 35 
years after | first started studying 
them, than | was then." 
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A huge and fearsome Kraken 
wrestles a ship about its size in 
this illustration by an unknown 
but imaginative artist. 


Roper is confident that he will be 
able to find giant squid, because he 
and other teuthologists—squid ex- 
perts—have spent more than 30 
years "putting together little bits and 
pieces, so that you gradually build a 
picture of what this animal might be 
doing, and where it might be living, 


and when are the best times to find it. 


"We're going to combine the 
search for giant squid with a search 
for sperm whales," Roper says. "The 
two are linked together, because 
sperm whales feed on giant squid. So 
we'll try to get there at the time when 
the whales are feeding. 

“Of course, what I'd really like is to 
have a trained sperm whale to act like 
a truffle hound. Unlike teuthologists, 
sperm whales don't have any trouble 
finding giant squid." E 
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on a platform above the ocean floor. It’s not 
an underwater storage tank, but the Aquarius, 


the only undersea research laboratory in the 
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ine miles off the coast of 
Key Largo, Fla., under 60 
feet of water, a 43-foot- 


long yellow container lies 


world. Funded by the National Oceanic and 


Atmospheric Administration (NOAA), 
this submersible houses five “aqua- 
nauts for periods of up to two weeks 
to study the nearby coral reefs. 

One might assume the Aquarius 
would be a source of pride for NOAA 
(pronounced "Noah"), an agency cre- 
ated to help explore the oceans. But 
NOAA's leaders haven't seen it this 
way. In ten of the last 11 years, the 
agency has cut the Aquarius from its 
budget—only to have funding re- 
stored by Congress. This year, 


Aquarius may finally drown: The 
Clinton Administration has just elimi- 
nated funding for Aquarius, and 
Republicans may prove less than re- 
ceptive to resuscitating it. 

Formed in 1970, NOAA was sup- 
posed to lend focus to America's 
ocean research, then scattered across 
several agencies. Just as NASA was 
the space agency, NOAA's founders 
pictured it as fhe ocean agency. 

But that vision never came to pass. 
Today, NOAA encompasses a hodge- 
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podge of subdivisions that seem to 
do everything but underwater re- 
search. The National Weather Service 
and a weather satellite division domi- 
nate the agency, gobbling up more 
than $1 billion of NOAA's roughly $2 
billion budget. Battling for the re- 
mainder are NOAA's other compo- 
nents—which range from the 
National Marine Fisheries Service 
(which manages fisheries) to the 
National Ocean Service (which up- 
dates nautical charts and operates 
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marine sanctuaries), to the Office of 
Oceanic and Atmospheric Research. 


Lost in the competition is underwa- 


ter research, particularly the type of 
studies done by Aquarius. NOAA cur- 
rently spends only $73 million on its 
oceanic research division, $19 million 
of which goes to The National 
Undersea Research Program—the 
program that pays for Aquarius and 
five other undersea research centers. 
By comparison, NASA recently spent 
$23.4 million on a toilet system for 


the space shuttle. And only three of 
NOAA's 11 environmental research 
laboratories focus on marine issues. 

In 1992, NOAA's chief scientist, 
ocean explorer Sylvia Earle, quit two 
years after being appointed—partly 
in frustration over the lack of support 
for deep sea research. "| often [found 
myself] a lone voice for the concept 
of a vigorous national underwater re- 
search program," Earle laments in 
her new book, Sea Change. (See 
"Queen of the Deep," April.) 
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NUAAS current leaders agree that 
ocean exploration has gotten short 
shrift, but say other needs like mod- 
ernizing weather radars must come 
first. “The money just hasn't been 
there" for undersea exploration, ad- 
mits NOAA administrator James 
Baker, himself an oceanographer. 

Baker isn't counting on a rebirth un- 
der the new Republican Congress, ei- 
ther. Although Clinton's 1996 budget 
calls for more money for NOAA, 
Republicans—who have the final 
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say—promise cuts. 
“To put it mildly, these 
[budget] requests are 
unrealistic,” charged 
Rep. Dana 
Rohrabacher (R-Calif.), 
who chairs a House 
panel overseeing 
NOAA, in late February. 
If that happens to 
NOAA, Baker says, "it 
will be painful" —albeit 
not catastrophic, since 
NOAA is used to get- 
ting by with minimal 
budget increases. 
NOAA's new chief 
scientist, Kathryn 
Sullivan, is more 
philosophical. A for- 
mer astronaut with a 


Underfunded? 


NOAA's many commit- 
ments leave little money 
left over for research. 


Many haven't been updat- 


| ed since World War II, a 


| problem that contributed 


to the Queen Elizabeth П 


| running aground in 1992 
| off Massachusetts. 


| Well-regarded, but tiny 


budget leaves little room 
for research, education, 


| and enforcement. 


Research Vessels 
The agency desperately 


| needs new ships, but its re- 
placement plan has been 


criticized as extravagant. 


| Managing Fisheries 


Major northeastern fishing 


| grounds are in serious de- 


cline and may have to be 
closed. 


sustained human re- 
search at depths up to 
2,000 feet, and explo- 
ration up to 20,000 
feet. Newspapers 
dubbed the proposed 
agency "wet NASA." 
By this time, though, 
Lyndon Johnson had 
been replaced by 
Richard Nixon, who 
was less interested in 
the oceans. Instead of 
establishing an inde- 
pendent agency, Nixon 
deposited the new or- 
ganization in the 
Department of Com- 
merce, which had a 
limited record of doing 
scientific research. 


doctorate in geology, 
oullivan would love to 
fund more undersea research, but 
says that the nation lacks a "strong 
political imperative" to do it. "There 
was a time in the 1960s when [ex- 
ploring] space and the oceans 
seemed comparably important. Space 
took off; the oceans didn't. | don't 
know why." 

What did go wrong? Actually, the 
problems date back to the beginning. 

NOAA was conceived in the late 
1960s, at a time when the seas were 
beginning to yield their secrets. Alvin, 
the first deep-sea research submarine, 
had just completed its first tour of du- 
ty, and found more life in the depths 
than scientists expected. The bathy- 
scaphe 7rieste had recently set a 
deep-diving record of 35,800 feet. 
Commentators compared the con- 
quest of the ocean to that of space— 
ocean explorers were dubbed aqua- 
nauts, and the oceans inner space. 

But federal ocean research was 
scattered across 11 different agen- 
cies and departments. So in 1966, 
President Lyndon Johnson appointed 
a panel of marine experts to figure 
out how to improve the situation. 
Three years later, the panel made its 
recommendation: Create an indepen- 
dent agency to coordinate all federal 
ocean research and policy. Specific- 
ally, the pane! suggested that the new 
agency develop technologies allowing 
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From its start on July 
9, 1970, NOAA disap- 
pointed the ocean community. The 
agency was cobbled together from a 
combination of various existing feder- 
al organizations, including the Coast 
and Geodetic Survey, the Bureau of 
Commercial Fisheries, and the 
National Weather Bureau. Not includ- 
ed, however, was the Coast Guard, 
which would at least have given NOAA 
more ships to do research; nor did 
Nixon give the agency authority to de- 
velop new technologies for research 
and exploration of the ocean bottom. 

“NOAA wasn't quite stillborn, but it 
was born feeble,” says Edward Wenk, 
a Johnson and Nixon administration 
official who was one of the main 
forces behind NOAA's creation. 
“Nixon did the minimum he had to.” 

Through the 1970s and 1980s, 
NOAA grew. As a ship gathers barna- 
cles, Congress attached various new 
functions to the agency, but ocean re- 
search was rarely one of them. 
Instead, Congress saddled the 
agency with a host of regulatory 
functions, such as helping states 
manage coastal development. 

When NOAA administrators tried to 
boost ocean research and exploration, 
they were often stymied by the in- 
grained cultures of NOAA'S compo- 
nent organizations. Few of NOAA's 
subdivisions had focused on deep 
ocean research prior to NOAA's cre- 
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ation, and in a zero-sum budget game 
they were mostly interested in pro- 
tecting traditional priorities, not start- 
ing new projects. Labs like Aquarius 
have suffered in particular because 
they are operated by university scien- 
tists, not NOAA staff scientists. 

“When you already have an estab- 
lished clientele, it’s difficult to start 
new ventures," explains NOAA veter- 
an William Aron, head of fisheries re- 
search for Alaska. "It's almost impos- 
sible to close a weather station." 

Nevertheless, in the mid-1970s a 
proposal to build a multimillion dollar 
mobile deep-sea habitat gained Con- 
gressional approval. But this project, 
too, was soon sunk by a negative re- 
view from the National Academy of 
Sciences. 

The Department of Commerce 
placement didn’t help. Commerce 
secretaries, who have never been ap- 
pointed for their interest in oceans, 
treated NOAA as anything from a dis- 
traction to a liability—the latter be- 
cause NOAA'S duties involve political- 
ly delicate environmental subjects. 

Without a high-level champion, 
ocean research has suffered. Only 
NOAA'S weather prediction services— 
whose importance is obvious every 
time a big storm hits—have become 
comparatively prosperous. NOAA's 
fleet of 24 research vessels, for exam- 
ple, is on its last legs, with an average 
age of 30 years, but the agency still 
hasn't come up with a successful plan 
to replace them. By contrast, NOAA is 
spending $4.4 billion on a nationwide 
network of new weather radars. 

A lone bright spot remains: studies 
on global climate change, champi- 
oned by Vice President Gore. NOAA, 
for example, coordinates the U.S. por- 
tion of the Global Ocean Observing 
System, a planned international net- 
work of satellites, buoys, and ships 
for measuring ocean temperatures, 
currents, and other parameters. 

But even here NOAA's critics find a 
major shortcoming—the lack of co- 
operation among branches. NOAA's 
Office of Global Programs was creat- 
ed in 1991 as a new office, ignoring 
the fact that NOAA scientists in other 
divisions were already pursuing glob- 
al change research of their own. 


“That’s a legitimate criti- 
cism,” says lab-leader 
Aron. “There are very few 
areas where NOAA's parts 
interact effectively.” 

Massachusetts Institute 
of Technology oceanogra- 
pher Carl Wunsch, who re- 
cently presided over a Nat- 
ional Academy of Sciences 
review of U.S. ocean sci- 
ence, sums up the feelings 
of many experts in saying, 
“NOAA has always been 
less than the sum of its 
parts.” 

What сап be done to im- ` 
prove the situation? NOAA 
administrator Baker says a 
recent strategic plan stressing envi- 
ronmental research will help focus the 
agency. But critics fear nothing less 
than a total reorganization of NOAA 
can do the job. "Baker is an ideal ad- 
ministrator, but it would take a revolu- 
tion to fix NOAA," says Wunsch. "It 
might be more sensible to start over." 
Adds David Graham, editor of Sea 
Technology: "NOAA's been looking for 
a raison d'etre for years. | don't think 
they're going to find it." 

The first step, might be for 
Congress to pass a "NOAA Organic 
Act," a law delineating once and for 
all NOAA’s priorities. Next, reorganize 
NOAA according to function, not his- 
torical subdivision. Separate NOAA’s 
regulatory functions (6.0., cleaning up 
oil spills) and its service responsibili- 
ties (e.g., predicting weather) from its 
research. Give NOAA's researchers, 
now dispersed across several divi- 
sions, a branch of their own where 
they will have a chance to prosper. 

All of this, however, still begs the 
most divisive question: Exactly what 
kind of research ought NOAA to be 
doing? Here there is no consensus. 

Many, like Sylvia Earle, argue that 
NOAA should place more focus on its 
original intended role as a “wet | 
NASA." For inspiration, they point to 
Japan, an island nation that has re- 
cently made ocean R&D a priority. 
Japan now operates the world's 
deepest-diving manned and un- 
manned submersibles, and is plan- 
ning a drilling ship that can bore 
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Endangered species? Aquarius is threatened by 1995 budget cuts. 


22,000 feet below the sea floor to 
conduct geological experiments. 
“There’s a view in Japan that the 
country’s future may depend on the 
oceans,” says Robert White, NOAA's 
highly regarded first leader. 

Other scientists, both inside and 
outside NOAA, deride the “wet NASA” 
analogy as simplistic, and argue it 
would only create unrealistic expecta- 
tions. “The oceans are a much 
tougher medium to explore than 
space," says chief scientist Sullivan. 
Underwater craft can move only ata 
few miles per hour, not tens of thou- 
sands; sensors can peer only a few 
feet ahead through the murky depths, 
not millions of miles; and all equip- 
ment must be painstakingly designed 
to withstand the brutal pressures un- 
derwater. In any case, NASA's recent 
troubles hardly make the agency a 
role model, the argument goes. 

Instead of attempting a "moon- 
shot" style project that might initially 
attract attention but soon fade into 
oblivion, the anti-NASA camp favors 
lower-profile research. Its sugges- 
tions? Continue and expand МОАА 5 
ocean-monitoring efforts with high- 
tech buoys. Yes, perform ocean ex- 
ploration, but use inexpensive ROVs 
(remotely operated vehicles) and 
satellite sensors instead of manned 
submersibles whenever possible. 

All sides, though, agree that what 
NOAA lacks most is a visionary. In the 
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late 1960s, ocean researchers had a 
powerful government advocate in Vice 
President Hubert Humphrey. 
Humphrey, who led a White House 
Marine Sciences Council, sometimes 
gave speeches about how fish protein 
concentrate could feed developing 
countries. They also had luminaries 
like astronaut and Navy aquanaut Scott 
Carpenter to communicate the won- 
ders beneath the waves to the public. 
Since that time, no one has stepped 
forward to fill the void. "It's fundamen- 
tally a leadership problem," says 
NOAAS Aron. "The nation is not con- 
vinced that the ocean is important." 

Edward Wenk, now at the University 
of Washington, finds the contrast be- 
tween the 1960s glory days and the 
present ironic. "The U.S. historically 
has been a maritime nation," he notes. 
"We were founded by sea. We became 
an economic power at sea while we 
were still young, a military power at 
sea during World War II,” and a leader 
in ocean exploration thereafter. "Now, 
most of it is gone." 

Oceanographers can only hope 
NOAA's fortunes improve. "There 15 
research that only NOAA can do, 


. Such as long-term monitoring of 


ocean conditions," says oceanogra- 
pher Wunsch. "These projects may 
not be scientifically glamorous, but 
they are important, and can't be easi- 
ly done by individual scientists. The 
nation.needs NOAA." н 
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Before you get a new Ford 
Mustang GT, consider a back- 
ground check. Because every 
street Mustang has racing in its 
-fuel lines. Not to mention com- 

ponents like engines, brakes 
and transmissions. Because 
we test our technology on the 
world's most challenging race 

— courses. Then we put these 

-—advanced new ideas into the 

~ Ford you can drive. 1t's our 

= сеш of evolution. 
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= 2, 
| * P 
anc m 
p „- т. Рр, п 27 1 a 
E л 3 2. 
wae : 

„зла TS 
А. Ц a 


f- 


ss going to help you if you Fuel Injector Cleaner in your tank quickly starts 

22 | drive your truck like this. But even cleaning your entire fuel delivery and intake sys- 
~ j With normal driving, your fuel injec- tem. So use STP to help your engine deliver 

24 tors. can become dirty and clogged. dependable power and performance. / “эрт 
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Graham Hawkes peers 
out from Deep Flight, 
a single-occupant 
submersible. 


his August an autonomous submersible 


will slip into the waters over the Juan de 


Fuca Ridge off Oregon to monitor the 


changes in the magnetic properties of a 


By Peter Britton 


fresh lava flow 2,000 meters below | 
the surface. 
A remarkable feat? The Woods 
Hole Oceanographic Institution's 
craft, the Autonomous Benthic Ex- 
plorer (ABE) is but one of a remark- 
able fleet, thousands strong, of the 
world’s ingeniously designed, con- | 
stantly evolving submersibles, both | 
manned and unmanned. Here is a 
quick guide to this swarm of subs: 
Manned Submersibles are free- 
“swimming” craft controlled from in- 
side by human pilots. Their perfor- | 


mance is limited by the need for fuel, 
the need to maintain onboard sys- 
tems that sustain human life, and the 
basic endurance of the pilots. 

In 1960, the U.S. Navy’s bathy- 
scaphe /rieste took three men to a 
depth of 35,800 feet in the Challenger 
Deep of the Mariana Trench in the 
Pacific Ocean. That's the deepest spot 
in the ocean, with an ambient pres- 
sure of 16,000 pounds per square 
inch. (The Japanese revisited this area 
34 years later with an unmanned sub. 
see “Japan Challenges the Deep.") 

Now, two scientists, Graham 
Hawkes and Sylvia Earle (see “Queen 
of the Deep,” April), want to visit the 
Challenger Deep themselves. Hawkes 
is building a pair of Deep Flight vehi- 
cles, single-occupant submersibles 
with wings. The pilot operates the unit 
from a prone position—on the stom- 
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ach, hands extended toward joystick- 
like controls. For visibility, there’s a 
clear acrylic bubble. Right now, the 
submersibles are able to dive only to 
1,000 meters. Deep Flight-2, a version 
of the craft Hawkes claims would be 
capable of reaching the 5645 greatest 
depths, is on the drawing board. 

Today, the number “6,000” crops up 
frequently in the names of vehicles. 
That's because roughly 97 percent of 
the oceans have a depth of no more 
than 6,000 meters (about 20,000 
feet). So far, there are only five 
manned submersibles able to operate 
at this depth. They are the Nautile 
(France); the Shinkai 6500 (Japan; a 
second variation is planned for dives 
to 11,000 meters); the Mir / and Mir II 
(Russia); and the Sea Cliff (U.S.). 

since the Trieste, the most dramatic 
uses of manned submersibles (exclud- 
ing military submarines) have been 
the discovery and subsequent filming 
of some of the ocean's secret won- 
ders. First, hydrothermal vents were 
discovered and filmed in the Pacific in 
1977 (see "Creatures of the Thermal 
Vents"); then, the sunken wreck of the 
Titanic was photographed for an Imax 
film in 1991. 

These are the high-profile jobs. But 
recently, one of the glamorous man- 
ned craft proved itself in a down-and- 
dirty industrial assignment. The 
Deep Rover, basically an acrylic bub- 
ble with strong manipulators, went 
tunnel inspecting. A Canadian firm fit- 
ted the vehicle with a special fiber- 
optic/power umbilical cord to inspect 
two 4.5-mile-long tunnels for the 
New York Power Authority's Niagara 
Power Project. 

Remotely Operated Vehicles 
(ROVs) are controlled from the sur- 
face by a tether that supplies unlimit- 
ed power for propulsion and tool op- 
eration, as well as audio and video 
communications. These ROVs can 
handle strenuous, continuous work 
with powerful manipulators, replacing 
and out-torquing divers on most 
tasks. But the tethers are unwieldy. 

Through funding for research and 
development, the offshore oil and gas 
industry has figured prominently in 
the evolution of remotely operated ve- 
hicles—and now, ROVs figure promi- 
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Manned submersibles 


Remotely operated vehicles (ROVs) use tethers 
(wire, fiber-optic, or acoustic) | 


Autonomous underwater vehicles (AUVs) have 
computers on board that contain mission information - 


A French television crew 
used the two-seater DR- 
1002 Deep Rover to film 
a shark through its five- 
inch-thick acrylic sphere. 


Named for the seeker of 

the Golden Fleece, 

Jason is guided from a 

surface ship by a pilot | 
grasping a joystick while “Ss 
technicians at workstations м 
take sonar readings and oper- Î 
ate video and still cameras. 


Vehicles such as the 

Auger operated by Sonsub 

are replacing human bell divers for 
servicing and repairing the sea-hot- 
tom structure of oil platforms. 


A version of Deep Flight, a 12-foot- 
long "hydrobatic" ceramic vehicle, 
could eventually take a man to a 
depth of 35,800 feet. 


. 
S" | É 
The plane-shaped ALBAC ч 
‘The two-foot Omni can glide at 20 de- 2 q 
Direction Intelligent a grees down from The Probe 
' Navigator (ODIN), now the surface to for the 
being tested at the < a predeter- Underwater Research 
| University of Hawaii, mined depth. This Lab (PURL) is be- 
moves in six direclions shuttle-type AUV is ing tested by = 
and can hover. Once from the Institute of Industrial Science, Simon Fraser 
programs are down- University of Tokyo. University in 
loaded, the tether is de- Vancouver, Canada. 
“tached. A larger model 3 
is planned. 
کے‎ 
— | Only 61 pounds, the | 
1 MiniRover MK Il can operate 
* ' in 1,000 feet and 1.5knot - 
The autonomous EAVE III uses currents. It carries a low- 


an acoustic telemetry program 
that enables it to communicate — 
with kindred vehicles. Mission 
plans and obstacle avoidance are han- 
died totally by onboard computers. 


^ 


The remotely operated 
crawler, Trencher, from Perry 
Tri-Tech, could lay a pipeline 
along the ocean bottom. 


(2 


The one-ton MT88 was developed by the 
Russians for locating sunken wrecks (theirs 
and ours). It quickly descends, follows a 
search pattern, photographs the object, and 
releases its ballast to return to the surtace. 


9 


Japan's three-person 
Shinkai 6500 sub- 
mersible (seen here) can 
achieve depths of four 

м miles. The proposed 
~ Shinkai 11,000 would 
permit manned visits to the deepest 
ocean regions. 


d 
The Autonomous 
Benthic Explorer 
(ABE) can spend 
several months at a 
depth of 3.8 miles. It can be pro- 


grammed to take daily photographs 
қа collect data and samples within 


a Specified area. 


light, high- -resolution color - 
‘ideo camera. 


d 


After a battery explosion wrecked 
the NPS AUV II, the Naval Post - 
Graduate School in Monterey, Calit., re- 
built the sharklike robot as the Phoenix. 
Seven feet long and 434 pounds, il's used for 
researching advanced control techniques. 


A 


Alvin (named for its developer, Al Vine of the 
Woods Hole Oceanographic Institution) 

can carry two scientists and a pi- 

lot down to 14,764 feet. 

It sporis 12 exterior 

lights and two 
robotic arms. 


The torpedo-shaped Typhlonus (a stream- 
lined version of the MT88) from the Institute 


Д for Marine Technology Problems іп 
ee Viadivostok, Russia, maneuvers 


| via an articulating tail. The name is 
4 a corruption of the word Teflon. 


Es 


^ 
The Advanced 
Unmanned Search System 
(AUSS) is capable of inspecting the 
remains of an aircraft under 20,000 feet 
of water and sending sonar and optical 
images back to its mother ship. 
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C 


Kaiko, an ROV, 


comprises a 


launcher (right) 


and rover (below). 
It's designed to 
work seven miles 


down. 


On March 1, 1994, 
Shinichi Takagawa ner- 
vously watched a row of 
video monitors aboard a 
support ship some 200 
miles southwest of the 
Pacific island of Guam. 
The unmanned sub- 
mersible Kaiko was re- 
laying images to the 
monitors as it ap- 


proached the floor of the | 


Challenger Deep, the 
deepest spot in the 
world’s oceans. Sudden- 
ly, a heartbreaking three 
feet trom the bottom, 


the monitors went 
blank. 

Ч could feel the mus- 
cles in my face and neck 
convulsing,” recalls 
Takagawa, who had 
overseen development 
of the $50 million sub. 

Luckily, the crew was 
able to retrieve Kaiko. 


It took months of testing : 


to figure out what went 
wrong: A kink had 
worked its way into the 
optical fiber that carries 
video signals from the 
cameras to the ship. 


DAVID TEICH 


With modifications to 
its cable system, Kaiko 
is going back down 
again this spring. It may 
have already touched 
bottom by the time you 
read this. Once the craft 
completes its demonstra- 
tion dives, it will start its 
real work. As the world's 
only submersible capable 
of venturing below 
21,000 feet, it is expect- 
ed to confirm whether 
or not marine life exists 
at the bottoms of the 
deepest ocean trenches 
and may help scientists 
better understand the 
movements of Earth's 
tectonic plates. 

Developed by the 
Japan Marine Science 
and Technology Center, 
Kaiko (the name means 
"trench" in Japanese) is 
actually a two-part ves- 
sel. A 17-foot-long 
launcher connected to 
the support ship by a 
seven-mile-long primary 
cable descends to within 
300 feet of the ocean 
bottom. There it releases 
a ten-foot-long rover 
tethered to the launcher 
by an 800-foot-long sec- 
ondary cable. Both vehi- 
cles have titanium shells 
that can withstand the 
crushing water pressure 
in the Challenger Deep, 
about eight tons per 
square inch. 

While the launcher's 
movements are restrict- 
ed by the weight of the 
primary cable, the rover 
can swim freely through 
the water, propelled by 
three vertical and four 
horizontal thrusters. It 
carries video and still 
cameras, and it has two 
manipulator arms to re- 
trieve samples. 
—Dennis Normile 
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nently in the oil and gas industries’ 
plans. Fifteen years ago, divers did 
most of the underwater work around 
offshore rigs. But the oil companies’ 
move into deeper waters and the 
costs of using divers gradually led the 
companies to develop machines to 
handle much of the work. 

Shell, Amoco, and Exxon are in- 
creasing their use of ROVs. Shell uses 
them in the Gulf of Mexico for its 
Auger tension leg platform; Amoco, 
for its Liuhua Floating Production 
oystem project off the coast of China. 
Last December, Shell, Amoco, and 
Exxon announced the Mars Powell 
project involving a field of 15 billion 
barrels of crude located due south of 
Alabama under 3,220 feet of water. 

Autonomous Underwater Vehicles 
(AUVs) are “intelligent” vehicles that 
operate free of any tether constraints 
or commands. They use powerful on- 
board computers to run predeter- 
mined missions. Making this possible 
are artificial intelligence programs for 
obstacle recognition and avoidance. 
Only a handful of AUVs exist. Limited 
power 15 a distinct problem. 

There are also ROV/AUV hybrids. 
Acoustically and fiber-optically con- 
trolled vehicles are sometimes includ- 
ed as ROVs. And a subcategory of 
AUVs might be called the DGBs 
(drifters, gliders, and bounders). 

A few years ago, a confused AUV 
named EAVE-East impaled itself on a 
metal rod in Lake Winnipesaukee, N.H. 
(EAVE stands for experimental au- 
tonomous vehicle.) That early tenden- 
cy has been programmed out of its 
repertoire. Now, EAVE III has a clone 
with whom it "talks" in a language all 
their own. D. Richard Blidberg, direc- 
tor of Northeastern University's 
Marine Systems Lab (and founder of 
Autonomous Underwater Systems 
Institute), says communication is at 
the forefront of AUV development. 

"We're deep into various kinds of 
computer architecture, neural nets, 
artificial intelligence—the things that 
will make these devices work. They 
must accept a mission, venture forth, 
avoid obstacles, do their work, keep 
from self-destructing, and come 
home with a report. Not unlike a kid 
going off to college." ys 


or your house. (лд your home. 


Today's compact fluorescent light bulbs 


use 7596 less energy than incandescents. 
They last up to ten times longer. And they 
save homeowners money. 

But they also offer a brighter future for 
the earth. By using less energy, compact 
fluorescents enable utilities to build fewer 


power plants and reduce fuel consumption 


and emissions at existing plants. 
The Natural Resources Defense Council 


has worked for years to promote energy 


efficiency. And we agree with America's 
electric utilities on at least one thing. 
Efficient technologies help save energy, 


money and the planet we call home. 


ДА. 


| America’s 
Natural Resources t 2565 
[ELE Defense Council Electric Utilities 


For more information, call 1-800-438-8334. 


NRDC is a national, non-profit environmental organization which 
has worked for years to promote energy efficiency. NRDC receives 
no donations from America's electric utilities. 
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We know. Driving a 4-door sedan is good for you. It’s the right thing to do. But somehow it 


seems a little, well, bland. May we recommend you try the Chevy Impala SS? It has all the ingre- 
dients you've been missing in the standard 4-door fare: 260-horsepower V8, rear-wheel drive, 


de Carbon gas shocks, even meaty 17-inch tires mounted on custom 5-spoke aluminum wheels. 


For a brochure call 1-800-950-2438. Chevrolet, the Chevrolet Emblem and Impala are registered trade 
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ап era of oat bran. 


Surprisingly for a car this satisfying, Impala SS has absolutely zero cholesterol. And seeing as how 
driving one is guaranteed to raise your heart rate on a regular basis, Impala SS may actually be good 


for you. So dig in. Indulge your appetite. Your Chevrolet dealer will be happy to take your order. 


IMPALA SS GENUINE CHEVROLET" 


marks and Chevy is a trademark of the GM Corp. ©1994 GM Corp. All Rights Reserved. Buckle up, America! & 


IT'S NO SMALL THING 
TO SAVE AN OCEAN. 


Times Mirror Magazines wishes to thank the 
following for their participation in, and contri- 
bution to, the largest marine environmental 
education program ever undertaken — the 


quest to save our Ocean Planet. 
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Ford Motor Company 
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The 


By Sandy Fritz 


colored crabs amble across sandy patches, yellow-spotted 


s the sun rises, the sea turns aqua, re- 
vealing dark shapes grouped offshore: 
an entire city—the reef. Fluorescent 


sea fans sway in the currents, blood- 


fish, silvery barracuda, giant manta rays, and a host of 


other, improbable creatures dart from 
point to point, overwhelming the eye. 

While the land surfaces of our 
planet have been extensively mapped 
and explored, much of the sea and its 
marine metropoli are still worlds 
waiting. A mere 10 percent of the 
known reefs in the Pacific Ocean 
have been visited by scientists; the 
extensive reefs rimming the Bahama 
Banks archipelago are poorly known; 
and large segments of the most luxu- 
riant array of reefs in the Western 
Hemisphere and the second largest 
barrier reef in the world, the Belize 
Barrier Reef complex, remain un- 
mapped. 

This is a Surprising state of affairs 
for an ecosystem thought to house 
one in every four marine species on 
our planet. For species diversity, 
coral reefs rival terrestrial rain 
forests, and as with rain forests, the 
untapped potential for science, espe- 
cially medical science, is enormous. 
(See “Fishing for Cures.”) 


Coral reefs also resemble rain 
forests in the way the lush, complex 
ecosystem sustains itself despite the 
paucity of nutrients. The crystalline 
waters of the tropics achieve their 
breathtaking clarity because there are 
virtually no nutrients in the water. Yet 
reef communities thrive in these eco- 
logical deserts, largely because of the 
ceaseless labors of an animal called 
the coral polyp. 

Builders of the stony masses we 
call reefs, polyps are the cornerstone 
of the community. Colonies of coral 
polyps enter into remarkable partner- 
ships with algae, allowing them not 
only to use solar energy to manufac- 
ture food by photosynthesis, but to 
consume small planktonic animals as 
well. (See “The Reef Builders.”) One 
of the most beneficial results of the 
partnership 15 its mysterious ability 
to accrete calcium carbonate from 
seawater to fashion stony strong- 
holds. The shelter coral polyps pro- 
vide for themselves attracts the myri- 
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Three ingredient® for a coral 
reff ample sunlight, warm 
seawater, and a hard эйс 
to Bud on. 
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and their vital signs: 

Australia's Great Barrier 
Reef: About 1,245 miles long. 
It is composed of 2,500 indi- 
vidual reefs, most of which 
are in good condition. The 
longest barrier reef in the 
world, it harbors about 400 
species of coral. 

Red Sea Reefs: About 
2,635 miles in combined 
length, these reefs are shared 
by Egypt, Sudan, Ethiopia, 
Saudi Arabia, and North 
Yemen. Sections suffer from 
the effects of industry and 
tourism, but North Yemen's 


reefs are nearly untouched. 


Florida Keys National 
Marine Sanctuary: About 
230 miles long. Natural dam- 
age from storms and periodic 
cold temperatures, along with 
boat groundings, threaten 
some areas. 

Philippine Reefs: About 
13,941 miles long. Thirty per- 
cent of the reefs are dead; 39 
percent are only partly alive. 
They have been heavily dam- 
aged by dynamite and cyanide 
fishing. They are also stressed 
by tourism. 

Reefs of the Pacific Atolls: 
About 17,000 miles in com- 
bined length in the South Pa- 
cific. There are more pristine 
reefs in this area of the world 
than anywhere else. Polyne- 
sian reefs are becoming 
trashed. 

The Belize Barrier Reefs: 
At 294 miles long, they are 
the world’s second longest 
barrier reef and are in remark- 
ably good shape. Also 
renowned for pristine man- 
grove swamps that interact 
with reef ecosystem. 

Reefs of the Bahamian 
Archipelago: About 1,072 
miles in combined leneth. 
There is some damage from 
tourist activities, but reefs are 


generally in excellent health. 
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In ап environment domi- 
nated by predators, self-pro- 
tection is of paramount im- 
portance to reef dwellers. 
Marine scientists have 
found many different pro- 
tection strategies. 

Perhaps most intriguing is 
the cleaner shrimp, an ani- 
mal no creature will eat be- 
cause it’s recognized as a 
valuable friend. These 
shrimp (left) perch on a 
coral outcrop and begin a 
complex dance. Reef crea- 
tures seem to recognize the 
ritual as a sign that “the 


shrimp 
are the 
Ён 
гссЇ 5 
doctors. 


Immunity, Mimicry, and Protection 


: doctor is in,” so to speak. 

: Normally dangerous larger 

: reef animals such as grouper 

: or moray eels appear and be- 
: come docile, allowing the 

: cleaner shrimp to comb over 
: their bodies, excavate dead 

: tissue from their mouths, 

: and enter their gills in 

: search of parasites. The fish 

: leave clean and free of para- 

: sites, and the cleaner shrimp 
: has enjoyed a meal. 


Other creatures enter 


: partnerships with animals 
: that are too dangerous to at- 


: tack. The clownfish (right) 


А sea- 
horse's 
elaborate ^ 
apparel. 


: is always found in the com- 
: pany of a sea anemone, fre- 
: quently nestling in ven- 

: omous tentacles that would 
. ordinarily kill or wound : 
` most animals. The clownfish : 
| covers itself witha mucus — 
: secretion that protects it 

: from the anemone’s stings; 
: in return for using the 
: anemone as a safe haven, 

: the clownfish chases off 

: creatures that are immune 
: to the sting of the 
: anemone's tentacles and at- 
: tempt to feed on it. 


A clownfish nes- 
tles in venomous 
tentacles. 


a 


: ground is another strategy 

: used by many animals on 

` the living reef. Bright colors 
. and markings are common 

: ways by which animals mask 
themselves in sun-dappled 

: waters. The pencilfish or 

' seahorse (center) normally 

: resides in the buoyant grass 

: beds that frequently form on 
: the leeward side of coral 

: reefs. Its camouflage is so de- 
: tailed that even the appear- 

: ance of the carbon-dioxide- 

: filled sacks that keep the sea 
: plant afloat is reproduced. 


Blending into the back- © —S.F 


ad creatures that compose the reef 
ecosystem. 

Many creatures that make coral 
reefs their homes live in symbiotic 
relationships. Symbiosis—literally, 
“together living"—takes many forms 
on the living reef. Mutualistic sym- 
biosis, where both partners benefit 
from the association, exists not only 
in corals but in some jellyfish and 
even giant clams, which incorporate 
algae in their tissues to reap the ben- 
efits of photosynthesis. 

Another remarkable form of mutual- 
istic symbiosis can be observed be- 
tween small fish, such as gobies, and 


bottom-dwelling shrimp. Both crea- 
tures live together, sharing the same 
burrow, and as the nearsighted shrimp 
spends most of its time digging and 
maintaining the dwelling, the sharp- 
eyed fish keeps a wary watch for 
predators. At the first sign of danger, 
the fish flicks its tail, and both crea- 
tures dive for cover. 

Commensal symbiosis, in which 
one partner benefits while the other 
is neither harmed nor benefited, is 
especially common. Examples in- 
clude shrimp that ward off predators 
by nestling In the venomous spines 
of sea urchins, or crabs that protect 
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themselves by pirating formidable, 
stinging sea anemones and securing 
them to their shells. 

A healthy reef supports these and 
many other symbiotic relationships. 
But when the reef is stressed by na- 
ture or by human abuse, the relation- 
ships can break down and the reef 
becomes a poor relic of its former 
wondrous self. 

Human-generated stress can be es- 
pecially damaging for coral reefs. 
Pollution from pesticides and soil 
runoff is smothering sections of the 
small reef that fringes Costa Rica in 
the Caribbean. Reefs off Jakarta, the 


ED ROBINSON / PACIFIC STOCK 


reef communities but have never 
managed to snuff out the spark of 
life. The immediate ancestors of to- 
day’s reef-building corals date back 
200 million years and have weathered 
no fewer than three mass extinctions, 
including the catastrophe 65 million 
years ago that wiped out the di- 


capital of Indonesia and a city of 9.5 
million, were slowly killed by untreat- 
ed sewage, reef mining, and soil 
runoff. Dynamite fishing and large- 
scale, illegal harvesting of coral for 
the aquarium trade have devastated 
reef communities ringing the Philip- 
pines. Even ecotourism—hoped by 
many to be the saving grace for the 
world’s wild places—scars reefs, as 
inexperienced divers inadvertently 
mar the very places they treasure. A 
single touch can be fatal to ultrasen- - 
sitive reef builders. Er 

"Reefs are among the oldest E 
ecosystems on earth," says lan Mac- 
intire, a marine biologist with the 
Smithsonian Institution in Washing- 
ton, D.C. "Yet we are rapidly destroy- 
ing an ecosystem we are only begin- 
ning to understand." 

Nature itself can be cruel to the 


nosaurs and many other creatures. 
And as continents drifted and jostled, 
as global temperatures waxed and 
waned, as ocean currents shifted and 
sea levels rose and fell, the reef sur- 
vivors had always managed to re- 
group and form new communities— 
at least until now. m 


enveloped the heads of other hard 
corals in sand. Recovery is proceed- 
ing very slowly. 

Recent discoveries have linked 
over-warm water, sometimes 


coral reefs. Tropical Storm Gordon, | | | B E =p Gastro-vascular 
with its three days of strong winds eS ls | cavity | 
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spawned by the annual event known 
as El Niño (see “El Niño: The Weath- 
ermaker"), to a blight known as coral 
bleaching, in which the algal sym- 
biont in coral polyps dies, turning the 
colony bone white. Should the 
warmth linger too long, entire reefs 
can be killed, as has happened in the 
Caribbean and elsewhere. And dis- 
eases, such as the recently discov- 
ered coralline lethal orange, can 
threaten whole communities. Even 
diseases that attack just one member 
of a coral community can open the 
way to general destruction. In the wa- 
ters off Jamaica, herbivorous sea 
urchins fell victim to a complex sick- 
ness that thinned their ranks, causing 
the unchecked growth of algae that 
overran heads of coral, all but slaying 
the island's reefs. 

These and other natural disasters 
have long challenged the hardiness of 


Primary reef builders 
live a Jekyll-and-Hyde 
existence: benign 
plants by day, indis- 
criminate plankton 
feeders by night. 

The Dr. Jekyll com- 
ponent consists of 
thousands of single- 
celled zooxanthellae 
algae that are embed- 
ded within the living 
tissue of a coral polyp, 
an animal no bigger 
than the nail of a 
pinky finger. By day, 
when the animal ele- 
ment recedes deep in- 


hold, its algal partner 
rises to the surface to 
bathe in sunlight, By 


: night, the animal 

: withdraws the algae; а 
. stinging, multitenta- 

“ cled mouth emerges 

. that feeds on any tiny 
. planktonic animal. 


The union between 


: plant and animal 

: makes the coral polyp 
: a miniature, self-sus- 

| taining ecosystem. 

: The polyp generates 

: waste carbon dioxide 
: and ammonia, which 
` nourishes the algal 

: component. The al- 

: gae, in return, donate 
: waste oxygen to the 
to its limestone strong- | 


polyp and manufac- 


` ture organic com- 
: pounds and complex 
sugars that are ab- 


: sorbed by the coral tis- 
| sues as food. 


[n a process that has 


. been carefully studied 

. but is not fully under- 

. stood, the partnership 

. captures calcium car- 

. bonate from seawater 

. and converts it into 

: hard limestone. The 

: polyp secretes this skel- 
. eton continuously, re- 

| maining on the surface 
. as the reef mass grows. 


The living tissue of 


_ the polyp extends 

. from its home to join 

: with neighboring 

: polyps. Thus the reef's 
: entire surface is cov- 

: ered with a living mat 
: of tissue.—S. F. 
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Giant tube worms 
СОО. vent near 


the Galápagos Islands. 
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se-person submersible Alvin sank through the cold, dark waters of 


` floor more tham®8,000 feet below the surface. It was December 1993, and 


the scientists insid@the sub had come to this stretch of the East 


LJ 
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M Rise, an.underwater mountain range about 500 miles southwest of Acapulco, 

А 2 
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| E + 4 
= ‘the PaciffG Ocean for more than an hour, finally touching down on the sea 
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Mexico, to inspe€t a recently formed hydrothermal vent—aa fissure in the ocean bottom 
” . that leaks scalding, acidic water. worms can increase in length at a 
| H E Peering out through the sub's tiny rate of more than 33 inches per year, 
, windows, the visitors were aston making them the fastest-growing ma- 
| ished to see thickets ої giant tube rine invertebrates. That means tube 
^|" worms, somé four feet tall. The tail worms oan colonize a vent more б 
 —ends of the worms were firmly plant- rapidly than scientists once thought. |= 
ed on the ocean floor, while red The giant tube worm is one of the z 
plumes on the other ends swayed like most conspicuous members of a di- | х 
a field of poppies. Alvin had brought ^ | verse community that forms around — (5 
researchers to the same spot less | hydrothermal vents. Scientists once < 
than two years earlier, When they had | thought that no living thing could sur- | 3 
ееп none of these strange creatures. | vive the harsh combination of toxic — (2 
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vents. But in 1977, researchers diving 
in Alvin discovered tube worms and 
other bizarre organisms thriving at a 
vent off the Galápagos Islands. Simi- 
lar communities have since been 
found at several hundred hot spots 
around the world. These creatures are 
like nothing else on Earth. 

Vents form where the planet's 
crustal plates are slowly spreading 
apart and magma is welling up from 
below to form mountain ranges 
known as mid-ocean ridges. As 
cracks form at these spreading cen- 
ters, seawater seeps a mile or two 
down into the hot rock. Enriched with 
minerals leached from the rock, the 
water heats and rises to the ocean 
floor to form a vent. 

Vents are usually clustered in 
fields, underwater versions of Yellow- 
stone's geyser basins. Individual vent 
openings typically range from less 
than a half inch to more than six feet 
in diameter. Such fields are normally 
found at a depth of more than a mile. 


Most have been discovered along the - 


crest of the Mid-Oceanic Ridge, a 
46,000-mile-long chain of mountains 
that wraps around Earth like the 
seams on a baseball. A few vents 
have also been found at seamounts, 
underwater volcanoes that are not lo- 
cated at the intersection of crustal 
plates. | 

The largest vent field, called TAG 
(short for Trans-Atlantic Geotra- 
verse), is about the size and shape of 
a football stadium. Other fields have 
more whimsical names like Glam 
Acres, Mussel Bed, Rose Garden, 


A remotely operated sub spotted 
this vent-dwelling crab. 
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Garden of Eden, Broken Spur, and 
Lucky Strike. Snow Blower is named 
for the white, flaky bacteria dis- 
charged from its vents. Genesis 15 a 
vent that sputtered out but came 
back to life a few years later. 
Hydrothermal vents are underwater 
oases, providing habitat for many 
creatures that are not found anywhere 
else in the ocean. More than 300 new 
species have been identified since the 
first vent was discovered in 1977. 
Besides the giant tube worms, 
which have so far been found only in 
the Pacific, there are pencil-size Jeri- 
cho worms with accordion-like tubes; 
orange worms covered with tiny bris- 
tles; small benthic worms that wrig- 
gle through the mud; and finger- 
length, dark red palm worms that 
stand upright, topped with wiglike 
fronds. A special class of small 
worms, Called Alvinellids (named af- 
ter the sub), live on the walls of min- 
eral deposits that form around vents. 
Mussels, shrimp, clams, and crabs 
are abundant at many vents, but these 
are not the same species that you find 
in seafood dishes. The cocktail-size 
shrimp that dominate vents in the 
mid-Atlantic, for example, have no 
eyes. However, at least one species 
has an extremely sensitive receptor 
on its head that may be used to detect 
heat or even dim light coming from 
vents. Scientists still aren't sure how 
shrimp and other vent creatures cope 
with chemical-laden seawater that 
would kill ordinary shellfish. 
Biologists have observed a variety 
of smaller crustaceans around vents, 
including miniature lobsters called 
galatheids, and amphipods resem- 
bling sand fleas. They have also seen 
snail-like limpets the size of BBs, sea 
anemones, snakelike fish with 
bulging eyes, and even octopuses. 
While octopuses are at the upper 
end of the vent's food chain, bacteria 
are at the bottom. They are the first 
organisms to colonize newly formed 
vents, arriving in a snowlike flurry 
and then settling to form white mats 
or tendrils attached to the ocean 
floor. Bacteria have been found living 
beneath the ocean's floor, and it 
seems likely that they emerge from 
below when the conditions are right. 
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Vent bacteria can withstand higher 
temperatures than any other organ- 
ism. That makes them attractive to 
researchers who are developing heat- 
stable enzymes for genetic engineer- 
ing, and culturing bacteria designed 
to break down toxic waste. 

Water pouring out of vents can 
reach temperatures up to about 
400?C; the high pressure keeps the 
water from boiling. However, the in- 
tense heat is limited to a small area. 
Within less than an inch of the vent 
opening, the water temperature drops 
to 2°C, the ambient temperature of 
deep seawater. Most of the creatures 
that congregate around vents live at 
temperatures just above freezing. 
Thus chemicals are the key to vent 
life, not heat. 

The most prevalent chemical dis- 
solved in vent water is hydrogen sul- 
fide, which smells like rotten eggs. 
This chemical is produced when sea- 
water reacts with sulfate in the rocks 
below the ocean floor. Vent bacteria 
use hydrogen sulfide as their energy 
source instead of sunlight. The bacte- 
ria in turn sustain larger organisms in 
the vent community. 

The clams, mussels, tube worms, 
and other creatures at the vent have a 
symbiotic relationship with bacteria. 
The giant tube worms, for example, 
have no digestive system—no mouth 
or gut. "The worm depends virtually 
solely on the bacteria for its nutri- 
tion," says microbial ecologist 
Colleen M. Cavanaugh of Harvard 
University. "Both partners benefit." 

The brown, spongy tissue filling the 
inside of a tube worm is packed with 
bacteria—about 285 billion bacteria 
per ounce of tissue. "It's essentially a 
bacterial culture," says Cavanaugh. 

The plumes at the top of the 
worm's body are red because they 
are filled with blood, which contains 
hemoglobin that binds hydrogen sul- 
fide and transports it to the bacteria 
housed inside the worm. In return, 
the bacteria oxidize the hydrogen sul- 
fide and convert carbon dioxide into 
carbon compounds that nourish the 
worm. 

Tube worms reproduce by spawn- 
ing: They release sperm and eggs, 
which combine in the water to create 
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a new worm. Biologists don't know 
how the infant worm acquires its own 
bacteria. Perhaps the egg comes with 
a Starter set. 

Scientists also don’t know how 
tube worms and other organisms 10- 
cate new vents for colonization. “The 
vents are small, and they’re separat- 
ed, like islands,” says Cindy Lee Van 
Dover, a biologist and A/vin pilot who 
studies vent life. Most vent organ- 
isms have a free-swimming larval 
stage. But scientists aren’t sure 
whether the larvae float aimlessly or 
purposely follow clues—such as 
chemical traces in the water—to find 
new homes. 

Studying the life cycle of vent or- 
ganisms is difficult. Researchers have 
visited only a fraction of the ocean's 
hot spots. They have been able to ob- 
serve vent life only by shining bright 
lights on creatures accustomed to 
inky darkness, and many specimens 
die quickly when removed from their 
unique environment. Underwater 
cameras are helping scientists make 
less intrusive observations, but diving 
expeditions are still the most useful 
way to gather information. 

The 1993 Alvin expedition to the 
East Pacific Rise was one in a series 
of dives to the area. The site was first 
visited in 1989, and scientists ob- 
served vent organisms thriving there. 
But when Alvin returned in April 
1991, its flabbergasted occupants 
witnessed the birth of a hydrothermal 
vent. A recent volcanic eruption had 
spread glassy lava across the ocean 
floor, and the researchers measured 
temperatures up to 403* C—the 
hottest ever recorded at a hydrother- 
mal vent. The scientists dubbed the 
site Tube Worm Barbecue, because 
the worms they brought back to their 
ship had charred flesh. 

"The most spectacular sight down 
there was this massive blinding 
snowstorm of bacteria," says Rich 
Lutz, a marine ecologist at Rutgers 
University, who led the expedition. On 
the ocean floor, the bacteria formed 
mats several inches thick, but the sci- 
entists saw no other living things. 

Since the eruption, scientists have 
been able to watch several stages of 
colonization at the site. When they re- 
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seawater, minerals precipitate | 
out to form chimneylike struc- 


tures called black smokers. 


Birth of a vent: Upwelling 
magma heats seawater that 
seeps down through rocks. The 
hot, mineral-rich water is eject- 
ed through an opening in the 
ocean floor. 


turned in March 1992, only a few 
bacterial mats remained. In their 
place were colonies of Jericho worms 
and a variety of small crustaceans. 
The scientists named the area 
Phoenix, because new life had arisen 
from the ashes of the eruption. 

The scientists first observed the gi- 
ant tube worms at Phoenix in Decem- 
ber 1993. They also noticed a num- 
ber of mineral deposits, some 
towering to heights of more than 30 
feet. These structures form where hot 
vent water meets cold seawater, 
causing metal sulfides to precipitate 
out. The precipitating sulfides, which 
look like smoke, amass to form chim- 
neys called black smokers. Like the 
vent fields, some smokers have 
names. Smoke and Mirrors, for ex- 
ample, has shelflike overhangs that 
trap hot water rising from below, cre- 
ating upside-down shimmering 
pools. The largest known black 
smoker is Godzilla, a 160-foot-tall 


structure off the coast of Oregon. 

During a December 1993 dive to 
the Phoenix vent field, A/vin acciden- 
tally toppled a 33-foot-tall smoker. 
When the sub returned for a brief vis- 
it three months later, the chimney 
had already grown back 20 feet. Sci- 
entists were surprised by the speedy 
recovery, which seems to parallel the 
rapid growth of tube worms and oth- 
er organisms at the vents. The visits 
to the Phoenix site "give us a sense 
of how quickly these vents are colo- 
nized," says Van Dover. 

Another expedition is planned for 
November. By then, the community of 
organisms now prospering at the 
vents may already be a ghost town. 
When the flow of hot, sulfide-rich wa- 
ter slows to a trickle, death also 
comes quickly. п 
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he oceans harbor at least as great a variety of life as do the lands. An esti- 
mated five million species, most of which have not yet been classified, re- 


side beneath the waves. The web of marine life starts with the tiny phyto- 


plankton—unicellular plants that are eaten by the slightly larger zoo- 


a te 


plankton, young shrimp, and other 
small animals. Moving up the food 
chain we find sponges, corals, mol- 

` lusks, and other sedentary animals; 

then mobile creatures, including hard- 

shelled crustaceans; soft-bodied 
squids and jellyfish; eels and snakes; 
and small fish. At the top, of course, 
lurk large predators like killer whales, 
swordfish, and sharks. — 

The densest life exists in the first 
200 meters of water. Below this, little 
light penetrates and the population 
density declines sharply. However, the 
diversity of life remains great even on 
the ocean floor, where explorers have 
discovered everything from giant 
clams to hoselike red tube worms. 

Here's a sampling of ocean life— 
from small to large, and from com- 
~ mon to exotic. 
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efore dawn every day, Ed Enos plies Cape Cod Bay with his trawler, return- 
ing with squid, lobster, clams, and more. These delicacies aren’t headed for 
| anyone's dinner table, however: Enos, who works for the Marine Biological 


| Laboratory, or MBL, in Woods Hole, Mass., is instead serving up specimens 


for the neurobiologists, physiologists, and microbiologists who hunger for clues about the 


development, inner workings, and decline of the human body. “You never know what 


these little guys might end up telling 
us,” says Enos, holding a clam aloft. 
“Could be that this shell holds the 
magic answer to cancer. Could be 
that one day my health will depend 
upon knowing what these clams have 
to say.” 

Many scientists agree: Understand 
sea creatures, and we will better un- 
derstand ourselves. Using marine ani- 
mals as models has illuminated many 
human biological processes, as well 
as the progression and treatment of 
diseases. “They may not be put to- 
gether quite the same and they may 
be simpler, but the fundamental 
pieces are the same," explains James 
Galbraith of the University of Cali- 
fornia, San Diego. Like humans, ma- 
rine animals have DNA. They have 
nerves and blood and hormones. But 
it is from some of the differences be- 
tween humans and sea creatures that 
researchers are learning the most. 

Consider the Atlantic squid. Like 
humans, it has a nervous system. 
But a squid's nerve cells are about a 
hundred times bigger than those of 
humans—making them easier to 
study. Squid also have a giant, pen- 
cil-lead-size axon, the “telephone 
wire” connecting nerve cells. Most of 
what is currently known about the 
human nervous system has come 
from studies of squid during the past 
several decades. 

Today, Galbraith and Paul Gallent 
of the National Institutes of Health in 
Bethesda, Md., stretch squid axons 
in controlled experiments during 
summers at the MBL. They hope to 
discover more about the nature and 
prevention of nerve injury, including 
the critical threshold point between 
an acceptable amount of axon strain 
and injury. Other MBL squid studies 


By Beth Livermore 


focusing on the nerve cell’s 
cytoskeleton, the supportive “scaffold- 
ing," could eventually combat 
Alzheimer’s and Parkinson’s dis- 
eases, ailments that occur when the 
cytoskeleton breaks down. 
Knowledge gained from tracking the 
movement of nutrients inside nerve 
cells may eventually help against Lou 
Gehrig’s disease and other degenera- 
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tive conditions that are marked by 
flaws in proper nutrient flow. 

The simple nervous system of New 
England’s lobsters is helping to ex- 
plain—and perhaps one day treat— 
excessive aggression in humans. 
Serotonin, a chemical compound im- 
plicated in violent human behavior, is 
also present in lobsters. Already, re- 
searchers have isolated the nerve 
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cells in lobsters that direct the dump- 
ing of serotonin into the crustacean's 
blood. Edward Kravitz of Harvard 
Medical School believes that once sci- 
entists know more fully how the entire 
system operates, they will be able to 
control lobster behavior—and, subse- 
quently, that of aggressive humans. 

Another important part of compre- 
hending human systems is under- 
standing programmed cell death. 
That's where, for example, cells that 
were necessary for early development 
die away to make room for succes- 
sors. Human diseases like Parkin- 
son's, Alzheimer's, and muscular dys- 
trophy occur when programmed cell 
death fails. Daniel Morse of the 
University of California, Santa Barbara, 
investigates programmed cell death in 
abalone, the snail that produces moth- 
er of pearl. After a youth spent as 
swimming larvae, abalone drop to the 
sea floor. There, the abalone develop a 
new set of muscles for their remain- 
ing, sedentary existence. Morse and 
colleagues have cloned the abalone 
genes that are turned on and off in 
this process, and discovered a specific 
enzyme responsible for the snail's 
programmed cell death. 

Across the country, at the 
University of Maine, Orono, molecu- 
lar biologist Rebecca Van Beneden 
investigates human ovarian cancer 
with the assistance of clams. Her 
quest began after she learned that 
clams and people living in certain ar- 
eas of Maine and Florida had some- 
thing unfortunate in common: high 
rates of reproductive-system-related 
cancers. Both the people and the 
mollusks had been exposed to phe- 
noxyaretic acid herbicides, a class of 
compounds that shares some chemi- 
cal properties with Agent Orange. 
Working with EPA labs in Rhode 
Island, Van Beneden is taking a clos- 
er look at the biological effects of 
these and other chemicals. Test 
clams in a tank are subjected to vari- 
ous chemicals. "Soft shell clams 
from Maine were the first to go into 
the ‘nasty tank," she says. "Next 
we'll do the hard shell clams.” 

Even the lowly sea squirt, whose 
irksome yellow-green colonial clus- 
ters are routinely scraped from boat 


hulls, is an important model for hu- 
mans. Mary Beth Saffo at Arizona 
State University West in Phoenix has 
discovered that the sea squirt is the 
only other animal, besides humans 
and other primates, that regularly ac- 
cumulates uric acid and crystals of 
calcium oxalate in its "kidney." These 
crystals become kidney stones. 
Conveniently, sea squirts are nearly 
transparent, so researchers can ob- 
serve stone formation without dis- 
secting them. But “the real beauty of 
this beast is that it does everything 
wrong," says Saffo. Its kidney, really 
a renal sac, has no outlet. Instead of 
permanently storing the stones as 
waste products, sea squirts apparent- 
ly process and recycle them. 

Within the renal sac, says Saffo, 
the sea squirts host two microbes 
that live together much like a set of 
Chinese boxes—one inside the other. 
The microbes contain a bacterium 
that seems to assist in the metabo- 


lization of the crystal concretions. 

A new finding by Saffo: The sea 
squirt's renal-sack fluid contains far 
more noncrystallized oxalate—or, 0x- 
alate that remains in solution—than 
human kidneys. “Our data suggest 
that there is a [chemical] factor in the 
sea squirt’s renal sac that is 20 times 
more powerful at inhibiting crystal- 
lization than anything in human 
urine,” says Saffo. “If we can isolate 
this substance, it may help doctors 
prevent kidney stones.” Already Saffo 
and colleagues have found а com- 
pound manufactured by the microbes 
that has no human equivalent; they 
are not yet certain whether it helps in- 
hibit stone formation. 

“These funny little animals illus- 
trate the importance of basic re- 
search," notes Saffo. “i found this 
model accidentally because | was 
simply curious about the animal. A 
kidney-stone researcher would never 
have looked inside a sea squirt.” ш 


 Poseidon's Apothecary 


Many people have cod-liv- 
er oil in their medicine 
cabinets. But fewer know 
about the following ma- 
rine-derived products. 


өч Dogfish shark have 
yielded squalamine, a po- 
tent antibiotic. Because 
squalamine works differ- 
ently from today’s antibi- 
otics, it may also combat 
diseases that have become 
drug-resistant. 


өн Sea squirt produces 
Didemnin B, a compound 
that arrests cancers in- 
cluding leukemia, mela- 
noma, and those of the 
ovary, breast, and kidney. 
It also may fight genital 
herpes and other viruses. 


Moss animal contains 
Bryostatin B, a cancer- 
fighting compound that 
has just entered human 
clinical trials; it could hit 
the market in five years. 


= Caribbean sponge pro- 
vides compounds from 
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: which a drug called AraC 


: is synthesized to treat non- : 
: Hedgkin’s lymphoma and : 
; acute myelocytic leukemia. : 


: = Gray encrusting sponge : 
: emits manoalide, which 

: appears to thwart the in- 
: flammation and pain | 
` caused by everything from : 
` bee stings to arthritis. | 


: = Bahama sponge makes : 
; discodermolide, an effec- ` 
: tive immunosuppressive 
: agent that could prevent 
: tissue rejection after organ : 
: transplants. 


: *" Brown algae and kelp 

: manufacture a compound 
| that seems to prevent du- 
: plication by the herpes 

: and human immunodefi- 

: ciency viruses (HIV). 
| While researchers explore : 
: this, some obstetricians — | 
` use sterilized strips of 

: brown algae in place of 

| metal instruments to di- 

: late the cervix during in- : 
: vasive procedures such as : 
: IUD insertion. : 


: * Red algae produce car- 


rageenans, or sulfate poly- 
saccharides, used to treat 
peptic ulcers. 


= Horseshoe crab has 
blue blood used to detect 
meningitis, septic shock, 
and other forms of bacte- 
rially related conditions. 
Pharmaceutical compa- 
nies routinely use the 
blood to screen for bacte- 
rial contamination. 


Blue mussel produces 
an adhesive that provided 
a model for Cell- Tak. Now 
used to repair corneas and 
retinas, it may soon work 
to secure dentures and 
dental fillings. 


æ Blue crab has an exo- 
skeleton from which 
chitin, a crystalline poly- 
mer, can be extracted. 
Chitin is used in ab- 
sorbable, nonallergenic su- 
tures that remain stable in 
the alkaline environment 
of human intestinal and 
urinary tracts. 


You 


Now you can get the 
career skills you need at 
home, in your spare time 
er a million and a half people — across the 
ion and around the world — have enrolled 
NRI to get started on the career they've 
ays wanted. Whether you want to enter an 
iting new career or open a successful business 
our own, NRI gives you the skills and tools 
need to get started fast. For over 80 years, 

has been providing students with compre- 
sive lessons, practical hands-on training kits, 
‚Ше professional equipment they need for 
cess. And we'll do the same for you. 


Study at Your Own Pace 


th NRI, you study in the privacy and conve- 
nce of your own home — with your personal 


wf Check one FREE catalog only 


Q Computer Programming - Prepare for a 
high-paying career as you work with the latest 
programming tools: a 486DX2/66 MHz 
Multimedia PC with color monitor, 8 meg 
RAM, 420 meg hard drive, Windows 95, 
CD-ROM drive, and more. You learn to write 
programs in QBasic, C, and Visual Basic. 

Q Microcomputer Servicing - Learn to 
service today’s computers as you get inside a 
486DX2/66 MHz computer system, with 8 meg 
RAM, 420 meg hard drive, CD-ROM drive, fax/ 
modem, and more. Train with all-new Windows 
95 plus diagnostic hardware and software for 
real-world troubleshooting experience. 

Q PC Applications Specialist - You're 
guided from computer basics to advanced PC 
applications as you train with a powerful 
486SX2/50 MHz computer with 420 meg hard 
drive and fax/modem. Master word 
processing, spreadsheet, database 
management, and data communications 
software. 

D Word Processing - NRI gives you 
everything you need to launch a successful 
word processing business of your own 
including a powerful 486SX2/50 MHz computer 
with 420 meg hard drive, fax/modem, and 
WordPerfect ® software. 

O Bookkeeping and Accounting = Get the 
in-demand skills you need for advancement, 
part-time income, even a business of your own 
as you train with the 486SX2/50 MHz computer 
with 420 meg hard drive, fax/modem, and new 
Peachtree Accounting for Windows software 
included in your course. 


itructor and NRI's team of technical profession- | 


als behind you every step of the way. 
Plus, you learn at your own pace — no 
crowded classrooms, no scheduling 
nightmares, no long weekend classes. 
Your lessons, kits, and equipment are 
delivered right to your door, just when 
you need them. 


Take charge of 


your career! 
Send today for NRI's free, full-color 
catalog, which describes every aspect 
of NRI's innovative training in 
Computer Programming, Microcom- 
puter Servicing, Bookkeeping and 
Accounting, or another high-growth 
field. If the coupon is missing, write to 
NRI Schools, McGraw-Hill Continuing 
Education Center, 4401 Connecticut 
Avenue, NW, Washington, DC 20008. 


O Computer-Aided Drafting = Learn 
traditional drafting techniques, then move on 
to do the same kinds of drawings with greater 
speed and accuracy using the 486SX2/50 MHz 
computer with 420 meg hard drive, fax/ 
modem, and AutoSketch® CAD software 
included in your course. 

Q Desktop Publishing and Design - 
Learn how to design and produce brochures, 
ads, flyers, and eye-catching publications that 
get results with a 486SX2/50 MHz computer 
complete with fax/modem, printer, and Publish 
It! software — all yours to train with and keep! 


О Home Inspection = Start your own 
profitable business! You train with and keep a 
powerful 486SX2/50 MHz computer system 
with 4 meg RAM, 420 meg hard drive, Super 
VGA color monitor, fax/modem, mouse, and 
exclusive home inspection software! 

Q Air Conditioning, Heating, 
Refrigeration - NRI shows you how to make 
money as an HVAC technician. Training 
includes a system analyzer, electronic halogen 
gas leak detector, vacuum pump, and more 
professional tools. 


О Automotive Servicing - Get the 
technical know-how to become a certified 
mechanic, and save money fixing your own 
vehicle, too. Course covers recent innovations 
and includes real-world tools, yours to train 
with and keep. 

О Home Remodeling = Remodel your own 
home or start your own profitable business 
with NRI's new course. You get the practical 
foundation you need through 34 compre- 
hensive lessons and six hands-on remodeling 


ГАР Schools 
| McGraw-Hill Continuing Education Center E 


Only NRI Gives You the Skills 
eed To Succeed in Today's 
Hottest Growth Fields 


projects featuring DeWalt miter saw and power 
screwdriver kit. 


Q Private Security - Become today's in- 
demand private security expert! NRI's new 
course gives you the skills you need to protect 
clients in any environment: home, car, retail, 
event, and factory. Training includes exciting 
wireless security system, fingerprinting kit, and 
more. 

Q Small Engine Repair - There's big 
money in small engine repair! Service movers, 
garden tractors, motorcycles, snowmobiles, 
and outboards with confidence and ease. Your 
hands-on training includes a 5 hp engine, 2kW 
alternator, and more. 

О TV/Video/Audio Servicing - With 
hands-on projects using state-of-the-art 
equipment, you learn the professional 
troubleshooting skills you need to make a 
handsome profit repairing today's TVs, VCRs, 
and audio systems. 
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Choose the Career That’s Right for You 


By Peter Britton 


wo miles beneath the sea, two bil- 
lion barrels of crude oil await in New- 
foundland’s Hibernia Field. Mobil 
Oil Canada plans to tap these 


reserves in conditions as rough as any on earth. Hibernia, the $4 billion, 
1.2-million-ton monster designed to tame these waters, is the costliest and 
heaviest concrete oil platform ever. When it begins operation in 1997, 
Hibernia will contribute to the world's annual offshore crude oil production, 
which currently totals 6.9 billion barrels. Total annual world production is 
22 billion barrels. 

In a nutshell, it's big oil versus a Pandora's box of nature's extremes: 
wind, fog, fierce winter storms with 100-foot waves, plus a kicker no oil rig 
has ever faced—multimillion-ton icebergs on the move. These dread- 
noughts drift down iceberg alley into the North Atlantic. 

Hibernia features 16 iceberg-repelling concrete sawteeth that are de- 
signed to withstand impacts from icebergs as heavy as five million 
tons. Ballast keeps it anchored. Included in Mobil's plans are powerful 
tugs standing by to lasso threatening icebergs and tow them out of 
harm's way. Says Mobil engineer David Luther, "A big berg might move 
Hibernia a matter of inches, but certainly not move her to failure." юв 
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/ Towering 715 feet above the 
sea floor, Hibernia will battle 
winds, waves, and icebergs 
off the coast of INewfound- 
land. Two of the 60-foot-di- 
ameter support shafts hold 
the oil rig's planned 83 wells; 
the third shaft houses pipes 
for circulating fluids, and the 
fourth contains pumps. The 
remaining space can store 

1.3 million barrels of crude. 
Ballast holds the entire struc- 
ture in place. 


347-fool-diameter cylinder 
— with iceberg-repelling 
sawleeth of reinforced 
cement 
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IF WERE GOING TO 
SAVE THE PLANET, 


L NEED TO 


LEND A HAND, PAW 


FIN, HOOF, 


These days, everyone 1S becoming more 
environmentally conscious. From recycling 
at home to driving more fuel-efficient cars, 
we re all doing our part to clean up the 
planet. Dut we still have a long way to go. 
And together, we can make a big difference 
in the lives of all creatures, great and small. 

At Chrysler Corporation, we re doing 
our part by recycling Every year we 
recycle thousands of tons of wooden 
pallets, cardboard, and paper. Even our 
cars are 75 percent recyclable. 

Our engineers are also working to reduce 
emissions and improve air quality. Even 
though today 5 gas engines burn cleaner and 


more efficiently than ever, we Te looking at 


AND WING. 


alternative fuels like methanol-gasoline 
mixtures, natural gas, and electricity to 
power our vehicles in the future. 

But you don t have to wait for technology 
to havea " green machine. Keep your air 
and fuel filters clean for better mileage, 
performance, and a cleaner exhaust. 
Maintain recommended tire pressures to 
increase fuel efficiency. And combine 
errands, since short trips use more 
gas per mile than a long trip. 

As you Can see, there s a lot we can do. 
So let’s all lend a hand to save our planet. 
After all, it’s the only one we have. 


> CHRYSLER 
CORPORATION 


2 
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By Mariette DiChristina 


he world’s largest solar collector absorbs an 


awesome amount of the sun’s energy: equal 


to 37 trillion kilowatts annually—or 4,000 


times the amount of electricity used by all 


humans on the planet. A typical square mile of that collec- 


tor—otherwise known as the surface waters of Earth’s vast 


oceans—contains more energy than 
7,000 barrels of oil. 

From the earliest water wheels, hu- 
mans have sought to tap sea power, 
expressed in waves, currents, and 
tides. But a more promising idea ex- 
tracts that stored heat energy direct- 
ly: Ocean Thermal Energy Conver- 
sion, or OTEC, generates electricity 
by using the temperature differences 
between tropical waters drawn from 
the sun-warmed surface, and those 
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from the chilly 2,500-foot depths be- 
low. Near lush Kailua-Kona, on an old 
black-lava bed on Hawaii’s west 
coast, a test plant produces up to 
100 kilowatts net. Rather than creat- 
ing air pollutants or spent radioactive 
fuel, OTEC’s by-product is not only 
harmless, it’s downright useful: 
7,000 gallons per day of desalinated 
ocean water with a crisp taste that ri- 
vals the best bottled offerings. 

Using largely conventional compo- 
nents, OTEC plants built on coasts or 
moored offshore could provide 
enough power and water to make 
tropical areas, including the 
Hawaiian islands, independent of 
costly fuel imports, say proponents. 
On drawing boards are plans by Sea 
Solar Power of York, Pa., for a 100- 
megawatt floating OTEC plant off the 
Indian state of Tamil Nadu. Other 
proposals include smaller plants in 
the Marshall and Virgin Islands. 
Some 98 tropical nations and territo- 
ries could benefit from the technolo- 
gy, according to one study. 

ОТЕС has advantages over other 
ocean-energy schemes. The largest 
wave-powered devices have pro- 
duced only a few kilowatts, for exam- 
ple. Waves and currents have low en- 
ergy potential—that is, they are not 
consistently vigorous enough to pro- 
vide much power to run generators. 
Tides have greater power potential, 
but the technology to tap them is 
costly and limited to a few coastal 
spots where the tide regularly rises 
and falls at least 16 feet and can be 
harnessed. One, built across an estu- 
ary in Brittany, can generate 240 
megawatts. The only North American 
demonstration project, on Nova 
Scotia's Annapolis River, can produce 
50 megawatts. 

OTEC isn't affected by capricious 
tides and waves, however. The solar 
energy stored in the seas is always 
available. Better yet, "that ‘fuel’ is free 
as long as the sun hits the ocean," 
adds Luis Vega, the shorts-clad direc- 
tor of the Kailua-Kona demonstration 
project. 

That turns out to be a necessary bit 
of good fortune for OTEC. Tropical- 
ocean surface waters are typically 
some 80*F, while those far below 
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hover several degrees above freezing. 
That temperature gradient gives 
OTEC a typical energy conversion of 
3 or 4 percent. As any engineer 
knows, the greater the temperature 
difference between a heat source (in 
this case, the warm water) and a heat 
sink (cold water), the greater the effi- 
ciency of an energy-conversion sys- 
tem. In comparison, conventional oil- 
or coal-fired steam plants, which may 
have temperature differentials of 
500°F, have thermal efficiencies 
around 30 to 35 percent. 

To compensate for its low thermal 
efficiency, OTEC has to move a lot of 
water. That means OTEC-generated 
electricity has a glut of work to do at 
the plant before any of it can be made 
available to the community power 
grid. Some 20 to 40 percent of the 
power, in fact, goes to pump the water 
through intake pipes in and around an 
OTEC system. While it takes roughly 
150 kilowatts of juice to run the 
Kailua-Kona test plant, larger com- 
mercial plants would use a lower per- 
centage of the total energy produced, 
says Vega. 

That's why, a century after the idea 
was first conceived, OTEC researchers 
are still striving to develop plants that 
consistently produce more energy 
than is needed to run the pumps, and 
that operate well enough in the corro- 
sive marine climate to justify the de- 
velopment and construction. "It's a 
beautiful process,” says Vega. “But it 
needs large, costly components.” 
During the 19705 the U.S. govern- 
ment invested $260 million in OTEC 
research. After the 1980 election, fed- 
eral support fizzled. 

One thing is not in doubt: The theory 
works. Georges Claude, a Frenchman 
who also invented the neon sign, 
proved it. In 1930, Claude designed 
and tested an OTEC plant on Cuba’s 
north coast. His patented invention, a 
version of OTEC called open cycle, 
generated 22 kilowatts of power—but 
consumed more than that in operating, 
partly because of the poor site choice. 
Claude’s next attempt, a floating plant 
off Brazil, was thwarted by storm dam- 
age to an intake pipe; the luckless in- 


ventor died virtually bankrupt from his 


OTEC efforts. 


115 been smoother sailing for the 
Kailua-Kona plant, operated by the 
Pacific International Center for High 
Technology Research of Honolulu. 
Last September, the Kailua-Kona pro- 
ject took Claude's open-cycle concept 
to an OTEC world record, generating 
255 kilowatts gross of electricity, and 
104 net. Operated in a $12-million, 
five-year project, the plant's power is 
used by neighboring enterprises at the 
Natural Energy Laboratory, a Hawaiian 
facility devoted to developing solar 
and ocean resources. 

Imagine a boiling hurricane. That's 
essentially what you see through the 
circular viewing portal when the 
Kailua-Kona 
OTEC plant is 
running. Inside 
a chamber, air 
froths from 
ocean water, 
forming white- 
caps on the tur- — 
bulent surface. yee 
More seawa- А 


limits ап open-cycle system to no 
more than three megawatts of gross 
power; the bearing/support system 
needed for larger, heavier turbines 
may not be practical. Vega has a solu- 
tion for this problem, however. "| was 
influenced by the movie The 
Graduate," he says, referring to the 
promising career path suggested to a 
young college graduate. "You know— 
plastics." Designed with new kinds of 
lighter-weight plastic or composite 
turbines, a series of open-cycle-sys- 
tem modules might together create 
ten-megawatt-size plants, he says. 
That's still not impressive as conven- 
tional power plants go. A large nu- 


ter—9,000 gal- 
lons a minute— 
pours in from 
13 upright white 
plastic pipes. As 
the pressure in- 
side drops to 
that of the at- 
mosphere at 
70,000 feet, the 
water abruptly 
goes ballistic, 
and 72°F steam 
shoots about. 
“That steam is 
cool enough to 
touch," a techni- 
cian advises, 
“but in that vac- 
uum your hand 


Warm ocean water 


Warm seawater in : " Г О. 
Vacuum chamber 
(Evaporator) 
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drawn from the sur- 
face flashes into 72°F 
steam in a vacuum 
chamber. The steam 
then drives a turbine 
to generate electrici- 
ty; the water that 
doesn't evaporate is 
discharged. Cold 
deep-ocean water re- 
condenses this steam 


into liquid (potable 74 Gin - 
water) at а heatex- Ф 3 SU ` 
changer. ї | 3 02 


H 


Turbine 
discharge 


AL 
кї 


Cold seawater їп ae 
Heal exchanger (Condenser) 


would blow apart.” 

After the resulting steam rushes 
through a turbine-generator, it's con- 
densed back to liquid—desalinated 
Water 一 by frigid deep-ocean water 
pulled from other pipes. Less than 0.5 
percent of the incoming ocean water 
becomes steam. So large amounts of 
water must be pumped through the 
plant to create enough steam to run 
the large, low-pressure turbine. That 
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clear reactor, for example, can pro- 
duce 1,000 megawatts. 

Another type of OTEC system, 
called closed cycle, can more easily 
be scaled up to a larger industrial 
size; it can theoretically reach 100 
megawatts. In 1881, French engineer 
Jacques Arsene d'Arsonval (who was 
later to become Claude’s teacher and 
friend) originally conceived this ver- 
sion, although he never tested it. 


In closed-cycle OTEC, warm sur- 
face water vaporizes pressurized am- 
monia via a heat exchanger. The am- 
monia vapor then drives a 
turbine-generator. The cold deep- 
ocean water condenses the ammonia 
back to liquid at another heat ex- 
changer. Closed cycle’s high-water 
mark to date was a floating test plant 
called Mini-OTEC that produced 18 
kilowatts of net power in 1979. 

Turbines are already commercially 
available for use with a pressurized- 
ammonia system, which gives closed 
cycle an advantage for installations 
that would require large amounts of 
electricity. The technology nonetheless 
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requires large, expensive heat ex- 
changers. New heat exchangers will 
begin testing next January at a 50- 
kilowatt (gross) closed-cycle experi- 
mental plant that is soon to be con- 
structed at the Kailua-Kona site. The 
heat-exchanger will employ roll-bond- 
ed aluminum, which is less costly 
than the titanium previously used in 
OTEC experimental plants. 
Researchers there will also monitor 
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the aquaculture tanks located down- 
stream. They want to determine the ef- 
fects on marine life from any ammonia 
that might escape from the plant, as 
well as from the small amounts of 
chlorine added to the ocean water to 
prevent equipment fouling from algae 
and other varieties of marine creatures. 

The Kailua-Kona test plants will al- 
so help reveal the answer to one of 
the biggest OTEC unknowns: the 
eventual life cycle of components, 
which are continuously besieged by 
the ocean’s corrosive salt spray and 
biofouling. "We're discovering how to 
deal with rust," says Vega. 

Because open cycle doesn't scale 

up easily, and 

S| closed cycle 
produces no 
drinking water, 
"the jury's out 


on which way 
to go—open or 
closed," says 
Vega. 
Combining 
the two sys- 
tems may yield 
шав sein qe the best of - 
pressurized both: A hybrid 
SSN at C OTEC could first 
ас MESE produce elec- 
this ammonia- tricity by closed 


cycle. Then, the 
hybrid system 
could desalinate 
the resulting 
warm and cold 
seawater efflu- 
ents using the 
open-cycle 
process. Adding 
such a second 
stage to an 
open-cycle 
plant could also 
double water production. 

Ultimately, OTEC has great poten- 
tial—along with a generous share of 
remaining engineering and cost is- 
sues. Futurists see OTEC as an es- 
sential part of a worldwide switch 
from petroleum to hydrogen fuels; 
ocean-based OTEC plantships could 
electrolyze water for hydrogen. 
“ОТЕС is environmentally benign and 
could provide all of humanity's ener- 


vapor power to 
generate elec- 
tricity. Cold 
deep-ocean wa- 
ter turns the 
ammonia vapor 
back to liquid at 
a condenser. 


TOM WHITE 


gy needs,” declares Tom Daniel, sci- 
entific/technical program manager of 
the Natural Energy Laboratory. 

Funding for the Kailua-Kona open- 
cycle plant runs out after 1995. The 
next step, as Vega sees it, must be to 
construct a scaled commercial plant of 
about five megawatts, and to operate it 
for one to two years. Such a plant 
could cost about $100 million over a 
five-year construction and development 
period—a stiff price, perhaps, for the 
tropical locales that would most benefit 
from OTEC’s eventual use. “We need to 
go through a money-losing proposition 
to prove the money-making опе,” em- 
phasizes Daniel. “That’s where | believe 
the government should come in.” 

Like other forms of renewable en- 
ergy, OTEC won't play well if that gov- 
ernment considers only the immedi- 
ate bottom line. Large OTEC plants 
could become cost-competitive if oil 
doubles from its current $18 or so a 
barrel, says Vega. Oil prices don't in- 
clude what Vega and others call "ex- 
ternalities," such as money spent 
coping with the polluting effects of 
burning hydrocarbons or military de- 
fense of oil fields. Factoring in oil de- 
fense alone would make oil's "true" 
cost $100 a barrel, says energy guru 
Amory Lovins. (Among the closed-cy- 
cle test plant's funders is the 
Department of Defense’s Advanced 
Research Projects Agency, which con- 
siders the development of new fuel 
sources to be of importance to the 
nation’s defense.) 

Like every other method of gen- 
erating power, OTEC is not entirely 
innocent of environmental conse- 
quences. The flow of water from a 
100-megawatt OTEC plant would 
equal that of the Colorado River. And 
that water would also be some 6°F 
above or below the temperature it 
was when it was originally drawn into 
the plant. The resulting changes in 
Salinity and temperature could have 
unforeseen consequences for the lo- 
cal ecology. 

Сап the tide turn for OTEC? A self- 
acknowledged dreamer, Vega pro- 
fesses to have no illusions. “Some 
people think I’m conservative, and 
some think I’m crazy,” he sighs. “The 
truth is somewhere in between." m 
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or nine straight days this January, row after row of sodden, gray clouds 


4 marched from the Pacific Ocean into normally sunny California. They 
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deluged Los Angeles, San Francisco, and just about every town in be- 


tween with as much as 16 inches of rain—more than the average annual 
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total for some locations. The devasta- 
tion was widespread: 11 dead, hun- 
dreds of homes destroyed, and an un- 
precedented $1.3 billion in damages. 

In the Northeast, meanwhile, resi- 
dents basked in springlike conditions. 
Baltimore hit an amazing high of 71 
on January 13—31 degrees above 
normal. In New York, worried garden- 
ers overwhelmed an information line 
with questions about how to manage 
suddenly frisky flower bulbs. Upstate, 
bears that would normally be hiber- 
nating wandered around the 
Adirondacks in search of a mid-winter 
snack. Some New England residents 
dusted off their grills for a mid-winter 
barbecue, 

To oceanographer Michael 
McPhaden of the National Oceanic and 
Atmospheric Administration, the 
bizarre weather only confirmed his 
suspicions: The strange climatic 
spasm known as El Niño was back. 
Two months earlier, he had spotted 
large regions of warm South Pacific 
water drifting east—an early indicator 
that the Pacific Ocean phenomenon 
was about to happen. Now El Nino's 
wrath was reaching the United States. 

Long a mystery, El Nino is now be- 
lieved to be the largest single weather 
influence on the planet. “El Nifio is 
the most robust cause of global cli- 
mate variability we've identified," 
says McPhaden, a leading El Nino re- 
searcher at NOAA's Pacific Marine 
Environmental Laboratory in Seattle. 
And Е! Nino's influence is growing: 
The last decade has seen El Ninos be- 
come both longer-lasting and more 
frequent, a trend that McPhaden and 
other researchers expect to continue. 
Worse, researchers have now linked 
EI Niño to everything from potential 


POPULAR SCIENCE - MAY 1995 - OCEAN PLANET 


77 


global warming to increased earth- 
quake activity. 

Indeed, the current El Nifio—which, 
thankfully, is starting to weaken—has 
been a strong one. New measure- 
ments by МА5А5 Topex/Poseidon 
Satellite, a collaboration between the 
United States and France, show that 
Pacific sea levels were elevated six 
inches over an area the size of the 
United States near the end of 1994—a 
direct indication of surplus heat in the 
ocean. In the last El Nifio two years 
ago, the ocean rose only three inches. 

The phrase “El Nifio,” Spanish for 
"The Child," was originally coined by 
fishermen to refer to the abnormally 
warm waters that sometimes appear 
off the Peruvian coast around 
Christmas. Today, re- 
searchers know that El 
Niños start in the tropical 
South Pacific. Every sever- 
al years, for no obvious 
reason, giant regions of 
high- and low-pressure air 
over the South Pacific 
along the equator suddenly 
switch places. This seem- 
ingly benign shift sets off a 
meteorological chain reac- 
tion that sends shock 
waves around the globe. 

First, McPhaden explains, 
Pacific trade winds that 
usually blow east to west 
fade and sometimes even 
reverse. Without these 
winds, warm tropical water 
from the South Pacific 
creeps toward South 
America, raising ocean 
temperatures near Peru as 
much as 7 degrees. The 
greater the temperature 
rise, the more potent an El 
Nifio is considered. The 
warm waters bring with 
them rain clouds that dump torrential 
showers in portions of Peru and 
Chile—a phenomenon apparently en- 


countered by the Spanish conquista- 
dor Pizarro, who reported his way fre- 
quently blocked by flooded streams 
during his 1532 invasion of Peru. 
Indonesia and northern Australia, the 
usual recipients of these downpours, 
remain bone dry. 

El Niño expands its impact by alter- 
ing the jet stream. Normally a single 
river of air soaring over North 
America, the jet stream often splits in 
two during an El Nino, with one por- 
tion diving south toward the Gulf 
states, the other swinging over 
Canada. This split frequently sweeps 
away the high pressure ridge that 
normally protects California from 
Pacific storms; it also eliminates the 
expressway of cold arctic air that 


Could El Niño be causing more 


frequent hurricanes and other 
severe storms? Yes, say some 


researchers. 
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usually descends upon the northeast. 

The trail of devastation can be enor- 
mous. The 1982-'83 El Niño, the so- 
called EI Nirio of the Century, wreaked 
an estimated $8.1 billion of damage 
and destruction across five conti- 
nents. It wiped out delicate coral reefs 
and drove an estimated 17 million is- 
land nesting birds from their homes in 
the Pacific; caused drought that dev- 
astated crops in India and led to para- 
lyzing dust storms and brushfires in 
Australia; spawned a rash of cyclones 
that left 25,000 Tahitians homeless; 
and dumped an incredible 100 inches 
of rain in six months in some areas of 
Ecuador, creating inland lakes where 
previously there had been desert. 

Even less severe El Niños, such as 
those in 1986 and 1991 
through 1993, have long- 
term consequences. In 
streams and rivers of the 
Pacific Northwest, for ex- 
ample, once-plentiful 
salmon runs have all but 
disappeared in the last few 
years. Usually blamed on 
human development, the 
decline may actually be the 
result of recent El Niños, 
argues oceanographer Bill 
Pearcy of Oregon State 
University. El Nifio alters 
the prevailing winds, he ex- 
plains, and thus prevents 
cold, nutrient-rich waters 
from reaching the west 
coast. Without cold water, 
plankton and other crea- 
tures that make up the low- 
est link on the food chain 
fare poorly, leaving salmon 
little to eat; simultaneously, 
warm-water predators 
wander up from the south 
and dine on the defense- 
less young salmon. The re- 
sult is devastating for both salmon 
and salmon fishermen. 

Halfway around the world, in 
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El Nifio’s effects: (1) Huge areas of warm water drift east. (2) Storms 
then follow, drenching California and more of South America’s west 
coast. (3) The jet stream sometimes splits in two, leaving the Pacific 
Northwest dry, with mild temperatures, and the Northeast warm. 


Africa, El Niño appears to correlate 
closely with the success or failure of 
the vital corn crop. According to re- 
search by Mark Cane and Gidon Eshel 
of Columbia University's Lamont- 
Doherty Earth Observatory, African 
rain and corn production dropped vir- 
tually in concert with El Nifios be- 
tween 1973 and 1990; during Las 
Nifas—an Atlantic Ocean phenome- 
non that is the mirror image of El 
Nifio—both rose. Cane predicts that 
farmers in countries like Zimbabwe 
will eventually use El Nino forecasts 
to decide what crops to plant. Indeed, 
such programs are already common 
in Peru (which is deluged during El 
Nifio) and Australia (which experi- 
ences drought). 

Ironically, much of scientists’ cur- 


rent understanding of El Nino stems 
from their embarrassment at not be- 
ing able to predict it in 1982. That 
year, the year of the big one, El Nifio 
was in full gallop before researchers 
even realized it was taking place. The 
first missed hints came when remote 
Pacific island measuring stations re- 
ported sharp jumps in ocean temper- 
atures in late 1982. Researchers ig- 
nored these numbers because their 
trusted weather satellites reported 
nothing unusual. Unbeknownst to 
them, however, the satellite tempera- 
ture readings were being skewed 
downward by dust from a volcanic 
eruption in Mexico. Finally, an 
oceanographic research ship in the 
Pacific called the alarm. "They radioed 
back and said, 'Holy smokes, guys, 
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there's something big going on here,” 
recalls Michael McPhaden. 
The scientific community, chas- 
tened, scrambled to ensure it 
wouldn't miss El Niño again. 
Luckily, plans were already un- 
derway for the Tropical Array 
Ocean (TAO), an arrangement 
of 69 giant deep-sea buoys 
north and south of the equator 
from New Guinea to near 
South America. TAO is part of 
a decade-long multinational 
experiment called TOGA, for 

Tropical Ocean and Global 

Atmosphere. 

Today, these buoys form the 
heart of the world's El Nifio pre- 
diction capabilities. Anchored to the 

ocean bottom by shark-proofed steel 
cable, they extend 12 feet above the 
waterline on hollow metal doughnuts, 
measuring air and sea temperature, 
winds, and humidity. Data from each 
buoy is transmitted via weather satel- 
lites to NOAA's Pacific Marine 
Environmental Laboratory. There, 
computer-generated plots tell re- 
Searchers at a glance whether condi- 
tions are ripe for an El Niño. 

"Twelve years ago we didn't even 
know when an EI Nifio was occur- 
ring," says McPhaden, director of the 
TAO program. "Now we can watch 
the tropical Pacific day to day." This 
year's El Niño, for example, was pre- 
dicted by NOAA in November 1994, 
two months before it happened. 

Despite the improvement in predic- 
tion, El Nifio’s inner workings remain 
mysterious. For one thing, El Nifíos 
do not all follow the same pattern, as 
researchers once thought. Only about 
half of El Niños result in rainy winters 
in California, for instance; the other 
half seem to cause extremely dry 
weather. That's because an El Nifio 
doesn't always alter the jet stream in 
the same way. "Ten years ago we 
thought EI Niños followed a fairly 
fixed sequence," says McPhaden. 
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“But as we learned more, we found 
that that really isn't the case." 

Nor do all El Nirios last the same 
amount of time. Until 1991, climatol- 
ogists believed El Niños lasted only 
one seasonal cycle. But that year's El 
Niño, rather than winding down in the 
summer of 1992 
as it should have, 
merely faltered 
slightly; then—as 
nonplused scien- 
tists watched—it 
regained strength 
and extended 
through 1993. As 
1995 began with 
another El Niño 
underway, some 
climatologists 
wondered if the 
91 El Nino was 


| Flooding 
Bolivia $300M 


Cuba $170M 


still at work. Hurricanes 
| Tahiti $50M 
We кнын" Hawaii $230M 
notion that an El 
Nifio’s effects may f Drought and Fires 


linger for years 
was recently bol- 
stered by a dis- 
covery at the 
Naval Research 
Laboratory near 
Gulfport, Miss. 
There, oceanogra- 
pher Gregg 
Jacobs was exam- 
ining new data 
gathered from the Topex/Poseidon 
Satellite and discovered a tiny (five to 
ten centimeters) but clearly dis- 
cernible bulge in the sea surface that 
extended from near Japan to the Gulf 
of Alaska. To his amazement, when his 
research team traced the bulge's ori- 
gin back in time, they discovered it 
was the result of the 1982-'83 El Niño. 
That event unleashed a slow-moving 
mass of warm water that bounced off 
South America, split in two, traveled 
north and south along the coasts, then 
finally lurched slowly back across the 
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| El Nifio’s Toll, 
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| The 1982-83 El Niño, which caught 
climatologists by surprise, is considered W 
the worst El Niño this century. Here is „g 
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Ecuador, Northern Peru $650M 


U.S. Gulf States $1,270M 
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Mexico, Central America $600M 


Total $8.11 Billion 


Source: University Corporation for Atmospheric | 
Research Office for Interdisciplinary Earth Studies, Ч 
Reports to the Nation, Spring 1994, No.3 К 


Pacific. Twelve years later, the bulge is 
still around. 

Jacobs speculates that such long- 
term consequences of El Niño may ex- 
plain the spate of bizarre weather the 
United States has experienced recent- 
ly. Since the 1982 "EI Niño of the 
century," 
Americans 
have endured: 
persistent 
drought along 
the West Coast; 
the cold sum- 
mer of 1992 in 
the Northeast; 
catastrophic 
floods in the 
Midwest in 
1993; and 
more floods 
last year in 
Georgia. No 
one yet has 
nailed down 
what the link to 
ЕІ Niño might 
ue be (although 
1 there is no 
shortage of 
theories). But if 
researchers do 
prove a con- 
nection, Jacobs 
says, then me- 
т teorologists 

may be able to 
make “climate forecasts” that extend 
as far ahead as a decade. 

Some scientists even link the re- 
cent onslaught of El Nifios to the 
specter of global warming. In the last 
12 years, the world has experienced 
four El Nifios—well above the histori- 
cal norm of one every four to seven 
years. Might the greenhouse effect be 
responsible? 

Yes, says Nick Graham, a climate 
researcher with the Scripps Institution 
of Oceanography in La Jolla, Calif. He 
argues that an El Niño acts as a kind 
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of distributor of global warming. 
When carbon dioxide in the atmos- 
phere absorbs radiation from space, 
his global warming theory goes, it 
transfers this extra energy to the 
oceans in the form of heat. As the 
equatorial Pacific warms, the extra en- 
ergy accelerates the “hydrologic cy- 
cle” of convection and precipitation— 
and speeds up the El Niño rhythm by 
throwing more heat and moisture into 
the atmosphere. El Niño, in turn, 
spreads that heat virtually across the 
globe, upsetting weather patterns in 
ways ranging from mildly amusing 
(January sellouts of Bermuda shorts 
in the Northeast) to devastating 
(African droughts and famine). 

50 what can people expect in the 
years to come? As Graham 15 quick to 
caution, no one really knows yet. “All 
the experiments are kind of dubious,” 
he says with a rueful chuckle. "We're 
right at the limit of our ability to 
know." A few computer simulations, 
for example, project that high enough 
CO, levels will eventually make the 
temperature variations across the 
Pacific Ocean disappear—taking with 
them El Niños. But a computer model 
developed by Columbia's Mark Cane 
and Steven Szebiak—considered the 
godfathers of computer weather mod- 
eling—-predicts that El Niños will be- 
come more severe and more frequent 
over the next century. 

If so, the statewide debate that fol- - 
lowed January's ark-building weather 
in California makes sense. The issue 
was whether residents should pick 
up stakes from flood-prone areas 
and head for higher ground, even if it 
meant spending millions for new 
home construction and relocation. 

Californians are loathe to do this: It 
would force them to relinquish the 
cherished notion of California as a 
sunshine state. But if El Niño is going 
to become a more regular—and noisi- 
er— visitor, this might be the first of 
many changes they'll have to make. m 
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For all at last 
returns to the 
sea—to Oceanus, 
the ocean river, 
like the everflowing 
stream of time, 

the beginning 

and the end. 

Rachel Carson, The Sea Around Us 


he oceans, 

which cradled 

the fragile be- 
ginnings of life billions of 
years ago, still provide 
nearly all of Earth's living 


space. Although humans dwell on the 
one percent of the remaining living 
area that is land, many feel strong 
spiritual ties to the seas. Reassuringly 
familiar and yet compelling in their ex- 
traordinary power and mysterious 
depths, oceans have inspired some of 
the world's most stirring poetry, art, 
and song. 

Humans look to the seas for more 
mundane reasons as well. Marine 
plants generate 70 percent of the 
world's oxygen, for instance. The 
oceans also supply fisheries for food, 
economy-building tourism, shipping 
for worldwide commerce, and an in- 
expensive site for waste disposal. 
Such bounty helps sustain the more 
than half of the U.S. population—in- 
deed, that of the world—who live 
within 50 miles of a seashore. 

While humans were few in number, 
oceans were vast enough to with- 
stand abuses of these resources. 
Now, like Gulliver overwhelmed by 


By Michael Weber 


multitudes of Lilliputians, the marine 
environment and its wildlife are show- 
ing signs of chronic overuse. 

Around the world, overharvesting 
has damaged fish populations and, 
consequently, fishing communities. 
For instance, the formerly robust New 
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ЭР” England fishery for Atlantic 
cod has shrunk dramatically with 
the cod's decline. 

Pollutants flowing from developed 
land have also smothered once-pro- 
ductive waters, reefs, and seagrass 
beds. Between 1985 and 1990 alone, 
the number of U.S. shellfish beds cov- 
ered by harvesting restrictions grew 
by 19 percent. Wetlands, coastal 
forests, coral reefs, and other marine 
habitats have been whittled away acre 
by acre, often irreparably, to make way 
for development. 

In many areas, however, people are 
fighting to turn the tide—and getting 
results. In the Chesapeake Bay region, 
for example, individual citizens and 
government agencies have reversed a 
drastic decline in seagrasses, curbed 
the flow of some pollution into the 
bay, and revived a dangerously de- 
pleted population of striped bass. 
Many local farmers now use fewer 
chemical fertilizers and pesticides, 
while neighboring communities are 
collecting the oil and hazardous 
wastes that once would have been 
dumped down a drain. 

"You can't use too many superla- 
tives in talking about the importance 
of the oceans to our economy, to life 
on this planet," says David Pawson, a 
senior research scientist at the 
Smithsonian Institution. "Protecting 
the oceans will depend so much upon 
simple actions by each of us." 
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worldwide catch of fish 
from the oceans has fall- 
en since 1989 despite 
continued growth in the 
number, size, and so- 
phistication of fishing 
vessels. Some fishing 
techniques result in the 
wasteful capture and 
discard of billions of 
pounds of fish and other 
marine wildlife each 
year. 


After rising steadily for тл ен Tan Riese 
several decades, the Catching Too Much 
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Half of the world’s original coastal 
marshes and mangrove forests are now 

farms, industrial parks, and residential : 
areas. In the tropics, coral reefs and Australia 
sandy beaches are mined for building | 
materials or destroyed by such fishing 
techniques as the detonation of dyna- 
mite. Sewage and runoff, careless an- 
choring, ship groundings, and dredging 
overwhelm many reefs. 


Large industrial and power facilities use wa- 
terways and coasts for convenient disposal of 
wastes, easy access to cooling water, and for 

transportation. Discharged waste water and 
pollutants have turned the bottom of some 
bays into toxic hot spots. Toxic particles саг- 
ried by winds travel thousands of miles. 
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Explosive growth in the raising of farm animals and 
crops has increased the agricultural pollution of coastal 
waters. Soil washed from fields and algal blooms trig- 
gered by excess nutrients smother coral reefs and sea- 
grass beds and rob coastal waters of oxygen. In tropical 
countries, farmers have cleared thousands of square 
miles of coastal wetlands to grow crops. In developed 
countries, subsidies still foster the use of excess 


amounts of pesticides and fertilizers. 
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[LIKE MANY GREAT VEHICLES CHERISHED BY THEIR OWNERS, 
OURS IS DESTINED TO COLLECT DUST. | 


Unlike most classic vehicles, the Sonoma Highrider wasn't meant to sit around in some millionaire’s warehouse. It is, after 
all, a GMC Truck. So while it looks great in any parking space, Highrider is at its best in gear, whether it's cruising down 
the open highway or kicking up dust on the meanest dirt road. Just climb behind the wheel, and Highrider's appeal becomes 
immediately apparent. Its available 191 HP Enhanced 4.3 liter V6 is the most powerful engine in its class. And there are 
other niceties as well. Things like massive stabilizer bars. Huge 31-inch tires. Special heavy duty axles. And a suspension 
anchored by 46 mm Bilstein® shocks, built to absorb punishment. Even the frame was specifically designed for Highrider. 
It's a truck for truck fanatics, brought to you by the experts at GMC Truck. And although it has all the right qualities to 
inspire immense devotion in its owners, Highrider has one other distinct advantage: you won't be afraid to take it out of 


the garage. For more information, call 1-800-GMC-TRUCK. 


Fl Buckle up, America! RUCK SONOMA 
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©1995 General Motors Corporation. All rights reserved. GM, GMC. GMC Truck, Sonoma, Highrider, and the GMC Truck logo are registered trademarks of General Motors Corporation. 


Profiles of 
Marine Research 
Facilities 


Science On A Barge 


The Smithsonian 


ocation, location, location. 115 
critical for success in real es- 
tate and also comes in handy 
for doing science. Perhaps no 
place proves this better than 
he Smithsonian Institution's 
Marine Station (SMS) in central 
Florida. Crammed onto a converted 
military landing barge on the Indian 
River, a long 
brackish lagoon 


mud flats in the lagoon, as well as 
the sandy beaches and reefs of the 
Atlantic proper. Aiding scientists in 
their observations are two Johnson- 
Sea-Link subs, deep-diving sub- 
mersibles that are owned and operat- 
ed by the neighboring Harbor Branch 
Oceanographic Institution. [See "He 
Seeks the Giant Squid."] 

Many of the organisms the insti- 
tute studies are low-profile. Rice, 
for example, specializes in a group 
of intellectually challenging but es- 
thetically challenged marine worms 
called sipunculans. 

But they shouldn't be overlooked. 
"Any valid discussion of large-scale 
environmental issues," Rice says, 
"must begin with basic scientific 
facts. Before 
we can ask how 


that runs along myriad 
the Atlantic species—in- 
coast, the facility cluding our 
is ideally situated own—interact, 
for its mission of we must first 
studying marine know that they 
diversity. exist, and 

"We are in a where, and 
biogeographical in what 
transition zone," abundance." 
explains Mary E. —Arthur Fisher 
Rice, 5М55 in- 
tense, energetic What you can 
director. "We have 888: The 
access to both т omithsonian 
temperate and 5 Marine Station 
tropical life, and $ itself isn't open 
to the offshore 218 to the public, 
Florida current" This “ghost shrimp” is just one of but the adja- 
with its abun- the strange creatures the Smith- cent Harbor 


dance of plank- sonian studies. 
ton. These attrib- 

utes lure dozens of scientists from all 
over the world to SMS to study the 


flora and fauna of mangroves and 
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Branch Ocean- 

ographic In- 
stitution has a combination visitor 
center/gift-book shop from which 1 
hour 45 minute tours of the cam- 


puslike facility originate. 

Admission: $5 adults; $3 children 

6 to18; children under 6 free. 
Hours: Tours at 10, 12, and 2 every 
day except Sunday 

Phone: (407) 465-2400 


Into The 
Underwater Canyon 


Monterey Ba nium 
Research Institut 


ere half science, half en- 
gineering,” says Peter 
Brewer, director of the 
Monterey Bay Aquarium 
Research Institute in 
California. “Our mission 
is to develop better instruments, 
systems, and methods for scientific 
studies of the deep ocean. Then we 
use them.” 

Founded in 1987 with a multimil- 
lion dollar grant from computer 
mogul David Packard (the Packard in 
Hewlett-Packard), MBARI is perched 
on the edge of the extraordinarily 
rich Monterey Bay National Marine 
sanctuary. The bay includes lush 
kelp forests and a 13,000-foot-deep 
underwater canyon within a few hun- 
dred yards of the shore. 

The tiny institute's specialty is ex- 
ploration with remotely operated ve- 
hicles (ROVs). Its current work- 
horse, Ventana, can descend one 
mile to take pictures and snare sam- 
ples. Many of the creatures it col- 
lects would turn to mush if gathered 
by net, the traditional method of har- 
vesting deep-sea animals. “We're 
able to bring them back alive,” 
Brewer boasts. 

By 1996, MBARI will complete 
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Tiburon (Spanish for shark), a so- 
phisticated $2.5 million ROV that 
will go down to 4,000 meters 
(13,200 feet), the average depth at 
which the floor of the Pacific Ocean 
intersects the continent of North 
America. “This,” Brewer says, “will 
allow us to study most of the ocean 
floor off North America.” Tiburon 
will be able to hold a /50-pound 
payload, making it capable of trans- 
porting sophisticated equipment. To 
control the ROV, MBARI is building 
a 114-foot, $12 million support ship 
with an ultra-stable SWATH (small 
waterplane-area twin hull) design 
for bad-weather operations. The 
new ship will also contain bunks, al- 
lowing up to 24 of MBARI’s 100 re- 
searchers to conduct extended mis- 
sions for the first time. 

Still, Brewer expects the focus to 
remain nearby. "We have a pristine 
ecosystem, superb geology, and 
deep water right by our door," he 
says. "This is just a great place to 
do science." —Judith Anne Gunther 


What you can see: MBARI itself is 
closed to the public, but its sister in- 
stitute, the Monterey Bay Aquarium, 
is one of the most famous in the 
world. MBARI researchers sometimes 
broadcast live video from the Ventana 
into the Aquarium auditorium. 
Admission: $11.75 adults; $9.75 
teens and seniors; $5.75 children 

3 to 12; children under 3 free. 
Hours: 10 to 6 daily 

Phone: (408) 648-4800 


Where Ocean Meets Sun 


Natural one yi Laboratory 
of Hawaii Authority 


t Keahole Point, on the Big 
Island of Hawaii's west 

| coast, the ragged black-lava 
shoreline drops off sharply, 
providing easy access to the 
rigid, pure, and nutrient-rich 
ocean water 2,200 feet below. 
Meanwhile, steady subtropical sun- 
shine warms surface waters to 
about 80°F. This combination of nat- 
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By the Numobers 


Annual dollar revenue lost by U.S. fishermen 
from depletion of fishing grounds off the Grand 
Banks in the north Atlantic: 3 billion. 


Percentage of the ocean floor that has been mapped 
as precisely as has the surface of the moon: 5. 


=@= 


Ratio of wind energy released at the height of a 
typical hurricane to the energy produced at 
any one time by all the electric generating 

plants in the world: 1:1. 
Average pressure at the bottom of the Mariana 


Trench, the deepest part of the Pacific 
Ocean, in pounds per square inch: 18,000. 


fae 


Percentage of the 20 largest U.S. cities located 
within 25 miles of an ocean, the Great 
Lakes, or a deep-water port: 75. 


х 


Dollars spent in 1994 Бу tourists visiting the 
coastal counties and beaches of the seven 
most popular U.S. coastal states: 74 billion. 


Y _ 


Age of Australia's Great Barrier reef, 
in years: 20 million. 


Cary 


Number of feet by which sea level would 
rise if the Antarctic ice cap melted: 200. 


TÉ 


Percentage of the world's fresh water con- 
tained in the Antarctic ice sheet: 70. 


3O5 


Weight, in pounds, of trash collected at the U.S. 
National Coastal Cleanup in 1992: 2,278,246. 


M 


1. National Oceanic and Atmospheric Administration 2. News Release, 
Office of the Chief of Naval Operations, 1994 3. Hugh Willoughby, Atlan- 
tic Oceanographic and Meteorological Laboratories, National Oceanic and 
Atmospheric Administration 4. The World Almanac and Book of Facts 
(Funk and Wagnalls, 1995) 6. National Resources Defense Council (Wash- 
ington, D.C.) 7. Nigel Calder, Timescales (Viking, 1983) 8. Atlas of the 
Oceans (Rand McNally, 1994) 9. Ibid. 10. 1992 National Coastal Cleanup 
Report (Center for Marine Conservation, Washington, D.C.) 
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TECHNOLOGY UPDATE 


a phone jack 


Engineering breakthrough gives you unlimited 


phone extensions without wires or 
expensive installation fees 


ou don’t have to have a teenager to 
appreciate having extra phone jacks. 
Almost everyone wishes they had more 
phone jacks around the house. 

When I decided to put an office in my 
home, I called the phone company to find 
out how much it would cost to add extra 
phone jacks. Would you believe it was $158? 
No more excuses. 
Today, there are a 
thousand reasons to 
get an extra phone jack 
and a thousand excus- 
es not to get one. Now 
an engineering break- 
through allows you to 
add a jack anywhere 
you have an electrical 
outlet, Without the 
hassle. Without the ex- 
pense. And without 
the miles of wires. 


Like plugging in an 
appliance. Now you 
can add extensions 
with a remarkable new 
device called the Wire- 
less Phone Jack: It 
allows you to convert 
your phone signal into 
an FM signal and then 
broadcast it over your 
home's existing elec- 
trical wiring. 

Just plug the trans- 
mitter into a phone 
jack and an electrical 
outlet. You can then 
insert a receiver into 
any outlet anywhere in 
your house. You'll be 


consists of a 
transmitter 


receiver (left). 
One trans- 
mitter will 
operate an 
unlimited num- 
ber of receivers. 


New device turns any 
electrical outlet into 


Is the Wireless Phone Jack 
right for you? 

The Wireless Phone Jack works with 
any single-line phone device. Almost 
anyone could use it, especially if... 


E Few jacks. You want more phone 
extensions without the hassle and ex- 
pense of calling the phone company. 


Bad location. You have jacks, but 
not where you need them most, like 
in the kitchen, garage, home office or 
outside on the deck. 


Renting. You want to add exten- 
sions, but you don't want to pay each 


time you move. 


Other phone devices. You lave 
an answering machine, modem or fax 
machine you want to move to a 
more convenient place. 


The Wireless Phone Jack System 


(right) and a e 


ADVERTISEMENT 


able to move your phone to rooms or areas 
that have never had jacks before. 


| Clear reception at any distance. The 


Wireless Phone Jack uses your home's exist- 
ing electrical wiring to transmit signals. This 
gives you sound quality that far exceeds cord- 
less phones. It even exceeds the quality of pre- 


| vious devices. In fact, the Wireless Phone Jack 


has ten times the pow- 
er of its predecessor. 
Your range extends 
as far as you have elec- 
trical outlets: five feet 
or five hundred feet. If 
you have an outlet, 
you can turn it into a 
phone jack—no matter 
how far away it is. The 
Wireless Phone Jack's 
advanced companding 
noise reduction fea- 
tures guarantee you 
crystal-clear reception 
throughout even the 
largest home. 
Privacy guarantee. 
You can use The Wire- 
less Phone Jack in any 
electrical outlet in or 
around your home, 
even if it's on a differ- 
ent circuit than the 
transmitter. Each Wire- 
less Phone Jack uses 
one of 65,000 different 
security codes. You can 
be assured that only 
your receiver will be 
able to pick up trans- 
missions from your 
transmitter. 


Unlimited extensions—no monthly 
charge. Most phone lines can only handle 
up to five extensions with regular phone jacks. 
Not with the Wireless Phone Jack. All you 
need is one transmitter, and you can add as 
many receivers as you want. Six, ten, there's 
no limit. And with the Wireless Phone Jack, 
you'll never get a monthly charge for the ex- 
tra receivers. 


Works with any 
phone device. 
This breakthrough 
technology will 
fulfill all of your 
single-line phone 
needs. It has a spe- 
cial digital interface 
for use with your 
fax machine or mo- 
dem. You can even 
use it with your an- 
swering machine 
just by plugging 
it into the Wireless 
Phone Jack receiver. 
Special factory- 
direct offer. To 
introduce this new 
technology, we are 
offering a special 
factory-direct pack- 
age. For a limited 
time, the transmit- 
ter is only $49. One 
transmitter works 
an unlimited num- 
ber of receivers 
priced at $49 for the 
first one and $39 for 
each additional re- 
ceiver. Plus, with 
any Wireless Phone Jack purchase, we'll throw 
in a phone card with 30 minutes of long dis- 
tance (a $30 value) for only $9.95! 

Try it risk-free. The Wireless Phone Jack 
is backed by Comtrad's exclusive 30-day risk- 
free home trial. If you're not completely satis- 
fied, return it for a full "No Questions Asked" 
refund. It is also backed by a one-year manu- 
facturer's limited warranty. Most orders are 
processed within 72 hours and shipped UPS. 


Wireless Phone Jack transmitter ...$49 $4 S&H 
Wireless Phone Jack receiver ......549 $4 S&H 
save $10 on each additional receiver—$39 


30-minute long distance phone card.......530 
$9.95 with Wireless Phone Jack purchase 


The Wireless Phone Jack lets 
you add a phone, modem, 
fax machine or answering 
machine almost anywhere. 


Please mention promotional code 017-PS-1152. 
For fastest service, call toll-free 24 hours day 


800-992-2966 


ES, 


To order by mail, send check or money order for the total 
amount including S&H (VA residents add 4.5% sales tax). Or 
charge it to your credit card by enclosing your account num- 
ber and expiration date. 


EGMIRAL 
INDUSTRIES 
2820 Waterford Lake Drive, Suite 106 
Midlothian, Virginia 23113 
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n July 14, 1994, Michigan 

became the first state to 

call out the National 

Guard to battle an alien 

species. That evening, I 

| turned on the TV and saw 

what looked like a scene 
from War of the Worlds. Governor 
John Engler stood on the shore of 
Lake St. Clair, the 400-square-mile 
lake between Michigan and Canada 
that helps connect Lake Erie with 
Lake Huron. Helicopters flew over- 
head as the U.S. Coast Guard pa- 
trolled the area. Cleanup ships from 
the Marine Pollution Control strug- 
gled to subdue a floating green 
mess. A six-mile-wide island of rot- 
ting seaweed had washed ashore, 
smothering the public beach. 

That was an awakening for me. 
For years | have driven along the 
western edge of this lake while 
distant freighters passed on their 
way from the Great Lakes ports to 
the Atlantic. The lake dominates 
the local horizon, yet I had never 
given it more than a passing thought. 

The upheaval had its origins 
some 10,000 miles away. When 
the U. S. government lifted the 
Russian grain embargo in 1981, 
Russian freighters headed for the 
United States. For ballast during 
the ocean crossing, they filled their 
holds with brackish water from the 
river ports on the Baltic Sea. But 
the ballast pumps also sucked up 
larvae of the zebra mussel—a mol- 
lusk scarcely larger than a thumb- 
nail when fully grown. 

In the summer of 1986, scientists 
say, a northern European 
freighter—probably Russian— 
dumped some of its ballast water in- 
to the lake to reduce its draft. In so 
doing, it released zebra mussels that 
attached to the rocks near the 
Canadian shore and began breed- 
ing. (Since then, the Coast Guard 
has insisted that ocean freighters 
purge their ballast tanks before en- 
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Aliens Among Us 


By Dan McCosh 


tering the St. Lawrence Seaway.) 
To a biologist, an alien species is 


any organism introduced into an en- 


vironment in which nature hadn't 
intended it to be. Without natural 


enemies, alien species can reproduce 


unchecked and throw an ecosystem 
off kilter. This is what happened in 
the shallow waters of Lake St. Clair. 
The shellfish reproduced so rapidly 
that they soon covered the lake bot- 
tom with a shell layer several feet 
thick. They started latching onto 
intake pipes at water treatment 
plants and clogging them solid. 

By 1991, the mussels became so 


Divide and conquer: Zebra 
mussels blanket a lake bottom. 


plentiful they filtered most of the 
water in the lake each day, digesting 
plankton and microorganisms in the 
process. The water, historically 
greenish-brown with algae, began to 
clear up. Suddenly, the aliens didn't 
seem so bad, particularly since a lit- 
tle bleach in the water intake pipes 
killed them off. Waterfront locals 
began joking about zebra mussel 
soup; a tugboat operator even re- 
painted his vessel and renamed it 
the Zebra Muscle. 

But the optimism was short-lived. 
Without murky water, large pike 
could easily spot their prey. They 
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began to feed voraciously on small- 
er game fish. Fisherman caught few- 
er fish, and a whole generation of 
fry disappeared. 

Even more insidious was the sea- 
weed. With light penetrating to the 
lake bottom, beds of seaweed flour- 
ished where little had grown before. 

Finally came the blue-green slime. 
These noxious algae grow on the 
lake bottom, then bubble to the 
surface where they release an odor 
like rotting carp. It was when the 
combined masses of weeds and а!- 
gae came ashore that the governor 
called out the National Guard. 

The Great Lakes have hosted 
alien species before. The sea 
lamprey came in with the open- 
ing of the Welland Canal in the 
early part of the 19th century, 
eventually devastating one of 
the largest commercial fisheries 
in North America. In the 1960s, 
alewives (a type of Atlantic her- 
ring) piled up so high on 
Chicago beaches bulldozers had 
to remove them. And prior to 
the ban on purging ballast tanks, 
the ruffe, a spiny perch, was 
dumped by a Russian freighter 
and has since made its way east 
to threaten Lake Superiors bays 
and shallows. 

As it has survived other invasions, 
Lake St. Clair will likely survive 
the zebra mussels. Some biologists 
believe that black bufflehead ducks, 
recently settled in the area, will 
control the mussel population; oth- 
ers are not so sure. The seaweed 
may remain forever, however, 
rolling onto the beaches at midsum- 
mer, restricting activities and turn- 
ing St. Clair from a pickerel and 
perch lake into a bass and pike lake. 
But whatever happens, the lake 
that spans half my horizon will nev- 
er be the same. The aliens are out 
there, mute testimony to man’s in- 
trusion into the delicate chain of 
marine life. 
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Not just big, but full, rich, and incredibly 
lifelike. You literally have to hear the Bose® Wave" 
radio to believe it. Very simply, it's like no other 
radio made. The key is our patented acoustic wave- 
guide speaker technology, which enables the Wave’ 
radio to fill the room with big, natural stereo 
sound. Yet it's small enough to fit almost anywhere. 

The Wave? radio is designed for convenience 
as well as great sound. There's a handy remote con- 
trol, pre-set buttons for your favorite stations, and 
many other features. You can even connect it to a 
CD or cassette player to enjoy your favorite music. 


MR./MR5./MS5. 


NAME(PLEASEPRINT) — 


ADDRESS 


CITY 


Call 1-800-845-BOSE, ext. RP237 
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The Wave’ radio is available directly from 
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ural resources makes Keahole a per- 
fect site, decreed the state in 1974, 
for science. 

Today, the Natural Energy 
Laboratory of Hawaii Authority oper- 
ates an 870-acre ocean and solar- 
technology center at Keahole Point. 
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Its most prominent component is the 
Hawaii Ocean Science and 
Technology Park, the first facility in 
the world designed to support the 
commercial development of ventures 
using deep-ocean water. 

The lab has three cold-water 
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pipelines, which draw up to 17,000 
gallons per minute, and two more 
that pull up to 11,800 gallons of 
warm surface water; a new pipe will 
extend to even colder water at 
3,000 feet. 

The park's most prominent tenant 
is an experimental plant that relies 
on the temperature difference be- 
tween the cold and warm water to 
generate electricity, or ocean ther- 
mal energy conversion. [See "Sea 
Power."] There are also several 
aquaculture businesses that pro- 
duce everything from edible sea- 
weed to Spirulina, a microalgae 
food supplement. Pure science is 
welcome as well: a U.S., European, 
and Japanese collaboration, for ex- 
ample, plans to use the Kona 
coast's pure water as a "neutrino 
telescope" to search for those cos- 
mic particles.—Mariette DiChristina 


What you can see: Public tours, in- 
cluding the ocean thermal energy 
conversion plant and aquaculture 
labs, are available. Private tours are 
given for groups of ten or more. 
Admission: Free 

Hours: Thursdays, 10 a.m.; call first 
Phone: (808) 329-7341 


Making History 


The Woods Hole 
Oceanographic Institution 


or 16 long days he searched 
the North Atlantic floor fruit- 
lessly. Then, on Sept. 1, 
1985, oceanographer Robert 
Ballard spotted his quarry 
through the cameras on the 
unmanned submersible Argo— 
part of it, anyway: a giant boiler, 
assorted luggage, and cases of un- 
opened wine. 

It was the world's first glimpse of 
the Titanic in 73 years. [See “What 
Really Sank the Titanic," Feb.] 

The Titanic find was just one in a 
long history of underwater 
achievements by researchers from 
the Woods Hole Oceanographic 


Institution (WHOI). Another was cra a cr tion—even global climate change. 
the 1977 discovery, from the mac У ЕРМЕ WHOI (пої to be confused with its 
manned submersible Alvin, of the «= ЕШ SH neighbor at Woods Hole, the 
remarkable creatures thriving at the E | Marine Biological Laboratory) also 
Pacific's hydrothermal vents, includ- E14 | "Mer sports various specialized laborato- 
ing ten-foot-long red tube worms B f o e id ries, such as a unique 56-foot-long 
and giant clams. [See "Creatures a | I flume that precisely simulates the 
of the Thermal Vents."] со p E И | flow of water above the floor of the 
Located in a resort town on the ov E ЭН ocean.—M. D. 
southwestern corner of Cape Cod, У до E 
Mass., WHOI (pronounced | CS CS What you can see: The WHOI 
“hooey”) was founded in 1930 as a юэ тш. Exhibit Center has a full-size mod- 
summer research institution on the 1 n ES гс el of Alvin's interior. There are al- 
recommendation of the National | B Жо «лнэ. so presentations on jellyfish, 
Academy of Sciences. During - -- A E coastal science, and deep-sea hy- 
World War 11, WHOI began operat- JUS ae drothermal vents. The National 
ing year-round to support the war | r i Marine Fisheries Service also op- 
effort; since then the lab has never "m erates an aquarium in Woods 
looked back. Hole. 
Today, WHOI’s 1,000 researchers | Admission: $1 
and staff conduct more than 350 Hours: Summer only. Tuesday to 
research projects at any one time. Saturday, 10 to 4:30; Sunday, 
The subjects of these projects en- = 12 to 4:30 
compass geology, marine life, | Scientists aboard Alvin found Phone: (508) 457-2000, 
coastal erosion, ocean circula- | thermal-vent creatures. ext. 2252 
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water clean. oy 
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sea. Bog Frog® will follow Peter with practical tips on how to 
be Frog Friendly to our oceans, no matter where you live. 
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onmental Education pro- 
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by Times Mirror Magazines 
to encourage and attract 
the most qualified young 
men and women to the 
highest levels of the study 
of environmental problems 
and their solutions. By sup- 
porting this conservation 
initiative, these advertisers 
themselves have become 
part of the solution. 
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Giant Among Giants 


Scripps Institution of 
Oceanography 


ocated on a perennially sunny 
Strip of La Jolla-area shoreline 
favored by surfers, Scripps 
Institution of Oceanography 
is, at 93 years old, a revered 
elder among the nation's 
oceanographic organizations. It is 
one of the country’s largest, as well: 
It operates on an annual budget of 
approximately $82 million, with a 
staff of about 1,200 that works on 
more than 300 different research 
projects. Scripps also operates the 
largest academic fleet of research 
vessels and platforms in the United 
states. 

For an organization founded to ex- 
plore marine life, however, Scripps 
possesses some surprising branch- 
es of research: seismic studies, 
clouds and climate analysis, an El 
Nifio Prediction Center, a Center for 
Marine Biotechnology and 
Biomedicine—even the California 
Space Institute, led by former astro- 
naut Sally Ride. 

"We've outgrown our title," says 
director Edward A. Frieman. "Once 
you begin to study the ocean, you're 
naturally led into many other areas 
because Earth is a big, dynamic sys- 
tem. You can't study the ocean with- 
out considering its interactions with 


the land and atmosphere." 

That breadth of research has 
helped Scripps become a leading 
center for understanding global cli- 
mate change. Indeed, it was a 
Scripps researcher, marine chemist 
Charles D. Keeling, who first con- 
firmed the buildup of carbon diox- 
ide in the atmosphere. Another in- 
ternationally recognized researcher, 
Walter Munk, has launched a con- 
troversial project to measure global- 
warming trends by broadcasting 
acoustic signals through the 
oceans. Scripps even operates an 
Antarctic research center that— 
among other things—monitors 
ozone holes. 

Fish, however, haven't been for- 
gotten. In late 1992, Scripps 
opened the $12 million Stephen 
Birch Aquarium-Museum. And 
Scripps’ marine vertebrates collec- 
tion, begun in 1959, contains more 
than 2.5 million specimens—one of 
the most extensive collections of its 
kind in the world.—v. A. G. 


What you can see: Stephen Birch 
Aquarium-Museum includes ex- 
hibits on the history of oceanogra- 
phy and a surprising display of 
everyday objects and products that 
come from the ocean. 

Admission: $6.50 adults; $5.50 se- 
niors; 4.50 students; 3.50 children 
3 10 12: children under 3 free 
Hours: 9 to 5 daily 

Phone; (619) 534-3474 


Р о pu lar Science 


Answers to 
your most frequently 
asked questions. 


What are the Seven Seas? 

here seem to be about as many 
are, well, combinations of seas and 
Oceans. 


The New Grolier Multimedia Ency- 
clopedia [1993], for example, says that 
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: in the Age of Discovery, the seven 

| navigable seas of the world were the 

: Atlantic, Pacific, Arctic, and Indian 

: Oceans, as well as the Mediterranean 
: Sea, the Caribbean Sea, and the Gulf 
: of Mexico. 


Not so says Don Groves in The 


| Oceans [John Wiley, 1989]. He lists 


1 answers to this question as there : 


the seven ancient seas as the 


: Mediterranean, the Red, the Black, 

: the Adriatic, and the Caspian, plus 

: the Persian Gulf and the Indian 

: Ocean. And Robert Hendrickson in 


The Ocean Almanac [Doubleday, 
1984] maintains yet another com- 
pendium. He agrees with Groves on 
the Mediterranean and Red Seas, 
the Indian Ocean, and the Persian 
Gulf, but adds the China Sea and 
the West and East African Seas to 
top off his list. 

One less confusing note: Both 
Groves and Hendrickson agree on a 
list of the modern seven seas: The 
North and South Atlantic, the 
North and South Pacific, the 
Arctic and Antarctic, and the 
Indian. 


he Gulf Stream is a jetlike 

current of warm ocean water 
that meanders northeastward 
from the Straits of Florida to the 
coast of northwestern Europe. Off 
Florida, where the current is 
strongest, it has been affecting 
sailors since the Spanish explorer 
Ponce de León first noticed it in 
the early 1500s. 

Several factors work together to 
generate the stream. In the equator- 
ial Atlantic Ocean, the prevailing 
winds blow west (toward the 
Americas); but farther north, they 
blow east (toward Europe). The 
combined effect creates a clockwise 
circulation of water in the North 
Atlantic. The so-called Coriolis ef- 
fect—a rightward deflection of the 
water in the north Atlantic due to 
Earth's rotation and the curvature 
of the planet's surface—makes the 
northward flow narrower and 
swifter than that of the water head- 
ing southward. What happens is 
that the Coriolis forces water to 
build up in the center of the ocean; 
this water mass then drifts west, 
squeezing the northward current in- 
to a narrow area along the U.S. 
coast. Hence the Gulf Stream. 

(Why the water mass drifts west 
and not some other direction ap- 
pears to be a question that even 
oceanographers have trouble ex- 
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plaining. When we asked one re- 
searcher, he gave a nervous chuckle 
and mumbled something to the ef- 
fect that he’d explain it if we had 
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In the narrow Straits of Florida, 
the Gulf Stream reaches a maximum 


speed of four knots, and its transport 
encompasses a volume of 1.1 billion 


HCE 


the Mississippi River. But the 
Stream diffuses as it continues east- 
ward. The water returning south- 
ward—called the Canaries cur- 


rent—plods at mere hundredths of 


a knot. 


cubic feet of water per second—or 
approximately 1,800 times that of 


time for an hour-long lecture on 
geophysics. We passed on his offer.) 
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Why is the ocean salty? 


| 
NY Earth was still young, 

| | its atmosphere contained а 
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nasty mix of hydrogen chloride, 
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Your Sleep? spine in its natural | noxious emissions from volca- 
| Do you toss and turn alignment. And that noes. Some of these gases dis- 


solved in the primitive ocean, 
making it salty, oceanographers 
in the surrounding || believe. 

muscles. So you can || ^ ‘Today, however, most of the salt 
| in the oceans comes from the con- 
| tinual rinsing of the earth. Rain 

| falling on the land dissolves the 
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3.5 percent salt. If the oceans dried 
up, enough salt would be left be- 
hind to build a 180-mile-tall, one- 
mile-thick wall around the equator. 
More than 90 percent of that salt 
would be sodium chloride, or ordi- 
nary table salt. 
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What is the remotest 
inhabited island? 


T da Cunha, a 38- 
square-mile volcanic outpost, 
is the remotest inhabited island 
in the world, according to the 
Guinness Book of Records. It’s sit- 
uated 1,510 miles southwest of its 
nearest neighbor, St. Helena, and 
1,950 miles west of Africa. 
Discovered by the Portuguese 
admiral of the same name in 
1506, and settled in 1810, the 
isle belongs to Great Britain and 
has a few hundred residents. 

Coming in a close second—and 
often wrongly cited as the most dis- 
tant land—is Easter Island, located 
1,260 miles east of its nearest neigh- 
bor, Pitcairn Island, and 2,300 miles 
west of South America. 

The mountainous 64-square-mile is- 
land was settled around the 5th cen- 
tury, supposedly by people who were 
lost at sea. They had no contact 
with the outside world for more 
than a millennium, giving them 
plenty of time to construct more 
than 1,000 enormous stone figures, 
called moai, for which the island is 
most famous. 

On Easter Sunday, 1722, howev- 
er, Dutch settlers moved in and gave 
the island its name. Today, 2,000 
people inhabit the Chilean territory. 
They share one paved road, a small 
airport, and a few hours of television 


per day. 


How deep can a human 
dive on a lungful of аг? 


n December 16, 1994, a lad 

from Key Largo nicknamed 
"Pipin" (his real name is Francisco 
Ferreras), rode a lead sled 417 feet 
down, then shot back to the sur- 
face 2 minutes, 24.45 seconds later 
to break his own world record for 
deep-diving on a lungful of air. 
Afterward, Pipin was pretty non- 
chalant about the whole thing, 


about 350 feet before suffering 


telling reporters, "It's just one 
more step on the way to 500 
feet." 

Had he been wearing standard 
scuba gear, Pipin could descend to 


"rapture of the deep," a narcotic 
like stupor caused by compressed 
nitrogen. If Pipin worked for a 
commercial diving outfit that ser- 
viced oil rigs, he'd spend weeks in 
pressurized nodules so he could 
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work at a depth of 1,000 feet. 
Some test dives using oxygen 
mixed with various exotic gases 
have enabled people to survive at 
2,400 feet, but that seems about 
the limit for unprotected humans. 
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Do fish ever get thirsty? 


book conveniently titled Do 
Fishes Get Thirsty? [Franklin 
Watts, 1991] provides the answer 
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to this question. It explains that 
fish living in the ocean need to 
drink a lot to avoid shriveling up 
like prunes. 

“Water flows in and out of a 
fish's body through a process called 


osmosis," the authors explain. "In 
osmosis, water moves from where 
there is less dissolved salt to where 
there is more. Since seawater is 
saltier than the liquids in a fish's 
body, water inside the fish is con- 
stantly flowing out." The fish 
drinks to replace the lost water. 


What causes tidal waves? 


К tidal waves have nothing 
to do with tides. Tidal waves— 
here’s where you wish you hadn’t 
napped in physics class—are the 
dissipation of energy in a viscous 
fluid over an inclined plane. 

To translate this into plain 
English: The energy source usually 
is an under-sea earthquake (al- 
though it could also be a meteor 
strike or under-sea explosion); the 
viscous fluid is the ocean; and the 
inclined plane is the ocean floor 
sloping up toward land. 

Let’s take the case of an earth- 
quake. When the earth thrusts up 
and down, it also moves all water 
above it up and down. This gener- 
ates a huge wave traveling outward 
in a series of concentric rings. 

In deep water, most of the tidal 
wave, or tsunami, remains hidden 
beneath the surface. But as the 
tsunami moves toward more shal- 
low water, its enormous energy is 
forced to the surface. 

What makes a tidal wave so de- 
structive is not so much its height 
(it can reach more than 100 feet), 
but its speed and tremendous vol- 
ume of water. In the open ocean, 
tsunami are hundreds of miles wide 
and travel at jetliner speeds. Near 
land they slow down to mere free- 
way speeds, but even a five-foot 
tsunami can dump harborfuls of 
water on a unlucky seaside town. m 


Absolutely mind 
blowing!!! I popped 
f a French Learning 

| CD into the Learning 
| Machine”. Immedi- 
ately I was sucked 
into a deep, dream- 
like trance. Weird 
= colors and patterns 

were created on n the insides of my closed 
eyelids. While in this super-relaxed but 
hyper-aware state, the special Learning 


CD began unfolding its magic 
programming. 
A Vacation in 22 Minutes 


It was as if a movie were playing 
inside my head. I could see myself in 
France having lunch at the Eiffel Tower. 
The music, the sounds, even the 
fragrance of summer in Paris. A 
beautiful woman spoke to me. “Bonjour, 
mon ami,” she said. In an almost 
unconscious way I began following the 
dialogue. The mental imagery was so 
intense I not only understood what was 
going on, it was like І was there. 

Learning at Light Speed 

The Learning Machine is more than 
virtual reality. More than just a cool way 
to relax after a hard day at work. 
According to one college professor, “It 
may be the most powerful learning tool 
since the invention of the book.” 

Here’s why. When you do a Learning 
Machine session your mind is cut off 
from outside distractions. Your attention 
becomes focused inward as the powerful 
sensory stimulation (light-sound matrix) 
bombards your imagination. Ideas and 
mental images float in and out of your 
consciousness. It feels like the best 


ADVERTISEMENT 


Mind Power Breakthrough! 


Plug Your Mind into the Amazing Learning Machine" To Boost Mental Powers, 
Program Your Mind for Success & Launch Fantastic Mind oni 
Plus Get $600 of Free Learning CDs! 


dream you've ever had. Then while in 
this highly euphoric mental space, the 
Learning CD opens your learning centers 
to peak receptivity and pours in new 
knowledge and skills. It's the ultimate 
mind trip. But it's not just for fun. 

Let's say you want to learn a foreign 
language, improve your reading and 
comprehension, or increase your math 
skills. Or just give your kids a powerful 
edge in school, learning many times 
faster than their peers. It's simple. 

You select a specially programmed 
Learning CD in the area you want to 
study. Plug it into any ordinary CD 
player. Then attach your Learning 
Machine digital headset into the 
headphone jack. Push play and a few 
moments later your mind is launched 
into a pre-programmed learning session. 
In a fun, almost effortless way, the 
Learning CD unfolds its program and 
literally forces you to learn. It's the most 
amazing thing you've ever experienced. 


French, 
German & Italian 

Learning foreign languages, or 
anything for that matter, at rocket speed 
can be very empowering. And I’m going 
to include a ton of valuable Learning CD 
software with your Learning Machine so 
you can get immediate results from this 
new technology. 

You'll receive 4 introductory language 
courses — French, Spanish, German, and 
Italian. Plus a Super Vocabulary course, 
a Super Memory course, and a Super 
Speed Reading course. And for your 
kids, a SuperPhonics™ reading program. 
Over $200 worth of Learning CDs make 
this the deal of the century. But I also 


$600 Super CD Bonus Pak 
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Journey and pi dan mina wir 
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Accelerated Interactive m Leaming'" Library (5200 хах) 
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Beyond virtual ra rey the light-sound matrix stimulates your mind and opens your leaming centers. 
Like magic it pours in new information, skills, mental programming, and launches your imagination. 


want to show off its other incredible 
mind expanding powers. 


10 Fantastic Mind Journeys 

So I'll include the 3-D Mind Sync" 
Library, with 10 mind launching 
programs on 3 CDs. Turn your Learning 
Machine into a meditation, self-hypnosis, 
and virtual fantasy computer. You'll get 
the following titles: Creativity Booster, 
Quick Energy, Stress Zapper, Mental Tune- 
Up, Virtual Visualization, Imagination 
Stimulator, Learning Accelerator, Super 
Intuition, Lucid Dreaming, and Super Zen 
States, 

A $150 value, this extensive collection 
is a super added bonus. But even more 
exciting is how it can be used for habit 
control, success conditioning, and 
eliminating self-sabotaging behavior. 


' Public oar increase Facus 
earning, StA) 4 Exercise ene аы 


$5, Eliminate Procrastination, Quit Smoking Now, 


nes Alwi Vs n Tine 


IE programs, 
a Winner 5 


vou ll use fo r lite 


Super Bud Learning Beginner' 5 Pak (553 Value) 4 accelerated 
super Speed Heading 
ind SuperPhonics (for kids К-б) teach you learning skills 


Super Waitt Super 


Included in your kit are coupons for additional Learning CD programs such as Japanese, The Photo 
graphic Mind Series, and Transcendental Mind Series. Plus info on future programs including ESL. 
Chinese, and Russian. Fantastic Journeys that launch your consclousness into incredible new worlds. 

| The Time Traveler Series. World History. Science & Space. World's Greatest Mind Series. Study Habits 

| Discs. Self-Esteem For Kids. Children's Classic Literature Series. Corporate Training Programs and more. 
Future multimedia titles include the Civil War series, Everything | Ever Wanted To Know, plus existing 

] CD-ROM software converted into Learning Machine formats. 


© 1995 Zygon. All Rights Reserved. Leaming Machine, Leaming Disc, SuperPhonics, The Teacher, 3-D Mind Sync, Accelerated Interactive Language Learning. InnerMind Programming, 
Super Speed Leaming, Transcendental Mind & Photographic Mind are trademarks of Zygon Intemational. 


Super Motivation Library 

Let's say you want to transform a 
loser mind-set into a winning one. Or 
you'd like to quit smoking or lose weight. 
Pop in an InnerMind™ Programming 
Disc. The sensory stimulation matrix 
opens a window into your unconscious 
mind. Then by infusing your "inner 
mind" with positive programming, you 
can rescript negative, self-defeating 
attitudes. I’m including an awesome 18- 
title InnerMind Programming Library. 
From success conditioning to weight 
control this is another $150 value. 

30-Day Risk Free Trial 

Plus in addition to the Language 
Learning Library, the SuperPhonics, 
Super Speed Reading, Super Memory, 
and Super Vocabulary programs, the 3-D 
Mind Sync Library, and the InnerMind 
Programming Library (a $600 combined 
value), I’m including coupons worth a 
thousand dollars. These coupons are for 
hundreds of future Learning CD applica- 
tions, including software that links your 
mind directly to a multi-media 
computer. It's something you absolutely 
must experience. 

Try the Learning Machine for 30 days 
risk free. Take your mind on an 
incredible journey. If for any reason 
you're not totally blown away by the 
experience, send your kit back to me for 
a full refund. 

To order, credit card holders call toll 
free, Or send your check or money order 
for $299.95 plus $12 shipping & handling 
to the address below (Item #4501). Please 
allow 4-6 weeks for delivery. 


FOR FASTEST SERVICE CALL TOLL FREE 


1-800-925-3263 
7 ҮСОМ 


18368 Redmond Way, Redmond, WA 98052 
Fax Orders to (206) 882-1454 


Shoppers’ Showcase 


advertising rates for this section, write or call Diane Pahl, Direct 
Response Manager, POPULAR SCIENCE, 1000 Town Center, Suite 
1830, Southfield, MI 48075; (810) 350-3800; fax # (810) 350-3557. 


A selection of products and services for POPULAR SCIENCE readers 
are available directly by mail. Enjoy the fun and convenience of mail 
order shopping. Please order directly from the advertiser. For 


Own A Wood-Mizer 


PORTABLE SAWMILL 


Over 13,000 
Sawmills 
= World-Wide! 


e Saw trees up to 36" diameter 
by 21 ft. long*—on site. 


* All-products mill, 
kiln, and edger 
catalog: $2.00; 


S ; ‘= Bho 
6995! * = 
1-800-553-0219 


Wood-Mizer Products, Inc. 
8180 West 10th Street, Dept. E77 
Indianapolis, IN 48214-2400 


TANNING BEDS 


Ruy Direct and Sa he Gp do Ny 
11514111 1 Led Cus 


Call for a FREE Color C ataloe! 


1-900-462-9197 


Ways to Help You 
Qual ify for the Job You Want 


Free Facts about Career 
Diplomas and Degrees 


Now, at home in your spare time, 
without 


*Home and Commerciale 


even get a S 


| pectin Degree. Call or on E o *The DE 9 TRIMME! 
for free information on the career * 2555 | [rolls "light as a feather" | 
| field that interests you most and eme on two BIG WHEELS! Td 
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B Free Detective Career Kit 
1-800-742-9007 Ат" Rouse School 


CABLE TV 


DESCRAMBLERS 


Best Prices in the U.S.A.! We Will Beat Any Price! 


Jerrold, Scientific Atlanta, Panasonic 
Pioneer Green, FTB3, SA3, Super-Pio 
Jerrold Impulse & Starcom series (Stealth) 
Sci. Atlanta inc. 8536/+, 8580, Drop-field (M80) 
FAST SHIPMENTS FREE CATALOG 
3O DAY MONEY BACK GUARANTEE 
1-800-818-9688 „ғ. т 


U.S. Cable TV, Inc. Dept.: КР5055 
4100 N. Powerline Rd, Bldg. F-4 Pompano Beach FL 33073 


Professional Training Diploma * Badge 
Train fast at home in spare time. No experience 
necessary . State Approved . 


P.O. Box 25750 Dept. PS 
Call Now 24 hrs. ; 


Revolutionary "2-in-1" 


Takes the place of both your hand-held 
trimmer and small-wheels rotary mower! 


santa Ana, CA 92799-5750] 


Farn $4, 000 Per Мен. | 
From Your Home 


With A Computer! 


Begin part-time ind wu retain a re of your 
present position. We offer 20 services you can 
perform for your community from your home. No 
experience necessary—easy to learn. We provide 
training and computer. For FREE explanation 
cassette and literature call: 


1-800-343-8014, ext. 109 


Computer Business Services, Inc. 


AUTOMATE YOUR HOME 


„Жн. 

Hundreds of hard-to-find home automation and wire- 

less control products. Computer control of your home, 

Septon of Security systems, surveillance cameras, audio/video 

X10 Compatible — control, HVAC, pet care automation and much more. 
Products in the World Call for our Free 56 page Color Catalog 
For Questions Cal А 800-367-9836 | 

Fax 714-708-0614 OME AUTOMATION SYSTEMS, INC. 


151 Kalmus Dr., Ste L4, Dept. PSS, Costa Mesa, CA 92626 


-2516-Н 
Сотрас! Bender 


Shown with optional 5сго!! 
Bender (call or write for free 
color catalog) 


SHOP OUTFIT PIERS 


Manufacturer of Compact Metalworking Tools 
You Can't Buy Just Anywhere. 


605 South Adams St., Dept PS •(307) 745-5999 
Laramie, WY 82070 USA e FAX (307) 742-5999 


OWN A MACHINE SHOP 


Do your own machining and shop work with 


Mill * Drill 


FIX IT 


a Smithy 3-in-1 Lathe • 


` YOURSELF! 


• Easy to use! 
«Save Money! 
eSave Time! 

«As low as $1095 


ay ч 

Smithy 

or write: 
Smithy Dept. PS 


3023 E. 2nd Street 
) The Dalles, OR 97058 


1-800-4SMITHY 


1-800-476-4849 
(Ask for operator PS 


with Badge Aa Minit 
Yes, it's really possible by making and 
selling bright colorful Badge-A-Minit жа 


| buttons. Buttons are proven money- | 


makers at fairs, flea markets, con- 

ventions, or anywhere people 

congregate. They're fast and easy P3 

to make with Badge-A-Minit and 

inexpensive! 

send for a FREE full color 

catalog or send for a 

Starter Kit, only $29.95 

plus $4.25 shipping. 

(IL.residents add $1.87 tax) d )»-—— 
Badge-A-Minit, Tried P5595 Box 27 LaSalle, IL 61301 


Fo 26 eASY 
WAYS to nELP 
SAN THe 
€ARTH CALL 


(-800-499-0887. 


| HOME EMPLOYMENT | 


Need a job? Work at your lesiure. Choose your line of 
work. Over 100 companies seeking to employ you. No 
experience necessary! From Arts & Crafts to Electronics 
and much more. For complete list send money order for 
$19.99 plus $4.00 shipping & handling made payable to: 
SHURE ENTERPRISES - 9100 S.W. FREEWAY SUITE # 105 
HOUSTON, TEXAS 77074 


HYDRO : 
MAGNATRAG. | 


No Belts...All-Hydraulic Drive! I 
Use for excavating, clearing, - 


landscaping, gardening, - 
logging...or work for 
others for Extra CASH! 
Эз. e CATALOG .... $2.00 I 
c bx Ф VIDEO ....... $9.50 1 
“025 @BROCHURE . Free | 
6 Technical Manual - $8.50 Е 
2403 STRUCK-KIT • Вох 307 • Dept: PS0595 Ё 


CEDARBURG, WISCONSIN 53012 P. 
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PAINT REMOVAL 
and SANDING Tous 


e POWER TOOLS FOR 
ECOLOGICALLY SAFE 
REMOVAL OF PAINT 

e STRIPS 1 SQ. FT. IN 15 SEC. 


8344 SANDER VAC 


e FOR DUST-FREE SANDING 7 
OF MOST SURFACES. INDOOR 
and OUTDOOR USE. 


AMERICAN INTERNATIONAL TOOL IND., INC. 
1-800-932-5872 (401) 942-7855 


| Where the Pros and Handymen Shop - 


GPS Satellite | 


Navigator || 
The Magellan [$ 
Trailblazer™ will 
display your exact | 
position, elevation, 
| speed and direction, 
night or day. Gives 
you distance and 
time to go, 
direction, estimated | 
time of arrival and more. 


Star 1250 Jig 
Pressure | | -— 


Washer 

Blasts out 1.7 | 
GPM'at 1250 | 

PSI. Improved 

pump for 

longer life. bun 
115 Volt motor mm 


14.5 Amps. 24 hose. 
8157193 


Circuit Detector 
Handheld detector 1s 
ideal for matching 
outlets and fixtures to 
breakers and fuses in е 
home, office, cabin апа 


1 more. 
8160253 


232 
AO 


Own Water Well 


^+ Since 1962, thousands of happy 
| | | gardeners and homeowners 
. around the world have discovered 
the Hydra-Drill™ secret. They 
drilled their own wells and their 
gardens prove it! You can, 
too. Call or write us today 
and we'll send you a big, 
free package of informa- 
tion about drilling your 
own well with the 
Hydra-Drill™ 


Ask 
about our 


UEM 


for FREE 
Water Well Drilling 
Information Package 


1-800-333-7762 


(Ask for Operator 7712) 


7712 Anderson Road 
Opelika, AL 36802 


О YES! Send the FREE INFORMATION PACKAGE andthe 
| illustrated guide HOW TO DRILL YOUR OWN WATER WELL. i 


|] 5957 C. | 


Call Toda 


| Address 
| City/State/Zip 


Phone (must have) @ 1995 ПеарНоск 
| —S E NM NM 55 5 _ 


Security Floodlight 
Needs no wiring; mounts 
anywhere. Solar panel 

| works even on rainy or 
overcast days. Motion 

| detector monitors up to 

| 60 feet away. 
816181 


Мширїу by 30,000 times ge 


|the light your naked 


eye can't see! 
Magnily objects 
2.5 times. Batteries 


| included. | 


. State Zip. 


#83625 SEND TO: NORTHERN, 
ox 1219, Burnsville, MN 55337-0218 


Стог Expires 51/95 
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Celebrate July 4th & All Events 


CARBIDE CANNON 


BIG BANG! 


Mammoth Cannons shoot 
with terrific BANG! Have 
a оор time at special 
events. Uses powdered 
carbide ammo. Hundreds 
of shots for few cents. All metal construction with large, 
rugged cast-iron wheels. Machined brass mechanism for easy 
1 loading and firing. Authentic turn-of-century design. Hand- 
1 some decor when not in use, Made in USA to last a lifetime. 
Available in 3 sizes; 9" cannon, $49.95 postpaid; 17" cannon, 
$39 1; 25" cannon (shown here) with rapid firing and 
automatic loading, $119.95 postpaid. The larger the cannon 
the louder the bang! Carbide ammo, about 100 shots, 56.00, 
3 packs for eis o. Send check, money order or call. Visa, 
MasterCard accepted by mail or poom. Give card number & 
expiration. Money-back guarantee. Send for FREE CATALOG! 


The Conestoga Со... Inc., Dept PS, PO Box 405, Bethlehem, PA 18016 


Е" Call 1-800-987-BANG (2264) Kk 


SHO mi TASK 


f MILL - LATHE - DRILL ] LATHE - DRIL 


The Original Home Machine Shop 
Designed in USA by Shoptask 


3 Varsions to Choose 
CNC Capability 


3 Axis Power 
Feed Available 


12 Month 
Warranty 


100% Parts 


e RM 


Available 
^u 17 Swing 
| 11 x 18 Mili Table 


1-800-343-5775 FREE BROCHURE 
DEMAND THE BEST 


SHOPTASKP О. Box 186, Aberdeen, WA 98520 
SINCE 1981 


IF YOU'RE NOT 
RECYCLING 

YOU'RE THROWING 
IT ALL AWAY. 


1-800-CALL-EDF 
он Oe E 


Anderson ™ 


BEDROOM ORGANIZER 


FITS UNDER 
BOX SPRING 


.—.,4 UNDERBED 
DRESSER 


` FACTORY 


REPLACES Dinero 


CEDAR 
DRAWER 
LINERS 


ro 
PUT A DRESSER UNDER ANY BED - FROM $159 
FREE CATALOG 1-800-782-4825 


BED a = 
| | ЕВАМЕ 
Pre-cut dome home kits in a variety of floor plans up Ё 


to 3,000 sq. А. Complete kits stort os low as $6,795 
Attroctive, eosy-to-assemble, energy-efficient. 512 for 


B FT. LONG 
DRAWER 


up to 16 


DRAWERS 
new 100-poge catalog package. Color video $10 more. 


£*& TIMBERLINE GEODESICS 
2015 Bloke St., Berkeley, CA 94704 1-800-DOME-HOME 


SINGERS! (ELS 28 


Unlimited, Low Cost, Instar ha УН 
Background Мизїс from 51 
еса 5! Does Everything Karaoke 
tier and gives you the 
Vocal E —Ü 


Save on Cable rental foes! 


CABLE TV 


DESCRAMBLERS 


WE'LL BEAT 
ANY PHICE 


JERROLD-TOCOM-ZENITH-HAMLIN 
OAK-PIONEER-SCIENTIFIC ATLANTA 
e 24 HOUR SHIPMENTS! 

e 30 DAY A nd 'ONEY BACK СОА АНАЛ VTEE! 


8 
Hour Demo/ Info Request Line (404) 46 
When You Want Somethin . Better Than Казаке! 
سرو‎ Se ——— i = Ч 
| 
| 


18 SPEED CARBIKE 


Cruise in style with the 18 SPEED 
Convertable СААВІКЕ Bullt with street 
legal parts. 1 SEATER PLANS $11.95 
2 SEATER $12.95 or 


order botn for $15 85 


ГА EASY TO 
BUILD CARBIKE e QUANTITY DISCOUNTS 
Step by Step ӘЙ | SENDCHECKOR P.O. ВОХ 149 MASTER CARD « AMEX * VISA e C.O.D. 


| instructions MONEY ORDER TO: SPARTA, TN 38533 


CABLE TV DESCRAMBLERS 


e Quantity Discounts * 24 Hour Shipping 
| • Save Money Don't Rent à 
| NOBODY BEATS OUR PRICE 
| Call Us Last For Best Price 


T800-677/7-0321 


1-800-284-8432 


Have make and model number of 
equipment used in your area ready. 
All Shipping & Handling Fees at Customer's Expense. 


CABLE WAREHOUSE 


(NO FLORIDA SALES) 
Anyone implying theft of service will be denied service Anyone implying theft of service 
will be 


VCI - ND FLORIDA SALES | ` lenied assistance. ^ 


You can help protect our water by using natural 
lawn care products, less toxic household cleaners 
and by recycling used motor oil. 

Call 1-800-504-8484 and we'll send you more on 
how you can help protect our rivers, lakes and oceans 


forever. 
CLEAN WATER. 
IF WE ALL DO A LITTLE 
WE CAN DO A LOT. 


DA] A Pubic Service ot ” 
| This Publication 7? 


oc Natural Resources 
Defense Council 


EPA 


Japan Al Council 


10117 West Oakland Park Bivd., Suite 315, Sunrise, FL 33351 | 


Popular 


science 


| н Converter & 5 Descrambler 


КАГУ you need for ONE LOW PRICE - 


ONLY 
$175.00 


| Stargate Combo limited to 
КН кх X213 with СМТМ2 or 
es eee | CMSA Descrambler 


ONLY 
$279.00 


Picture-in-Picture Combo 
limited to CMJX Descrambler 


FREE 
CATALOG! 


«алк LL eR 
Час SD 5 : 3150 Hatch « Cedar Park, TX 78613 


Your Cable 
Connection 
To The Stars! 


Order your FREE 
catalog today! 


* Converters & Descramblers 
* ‘All Makes & Models 
* Quantity Discounts 
* 30-day Money Back Guarantee 
* Best Warranties 


3 N 98th St STE 260: 


“Сор: s s MasterCard Ы Visa + Amex @ Discover Е 


Classified Оррогіипіїу Mart 
NOW! A Galaxy of Savings 


To advertise in this Sec- 
tion call Randi or Paul 
800-445-2714 


Owning your cable 
equipment saves you 
the high cost of monthly 
rental charges, and gives 
you complete control 
of your TV. 


миний? 


CONVERTERS & DESCRAMBLERS' 


Everquest * Panasonic * Jerrold * Zenith * Pioneer 
scientific Atlanta * Oak * Eagle * Hamlin * Tocom 


875 S. 72nd Street * Omaha, NE 681 14 


= 


Get a Security 
Car Alarm System! | 
Look in our FREE catalog | 


for other great personal 
security products! 


: اکا‎ | 
cA 二 we 


MD Za 


875 S. 72nd Street * Omaha, NE 68114 


POPULAR SCIENCE MAY 1995 • 107 


| COMMUNICATION 
| TERMINAL 


With Year Easy to use On Screen цайн 


12:34 PM 


WE CARRY ALL MAKES AND MODELS - 
"SCIENTIFIC ATLANTA? *JERROLD? *ZENITH? 
. ^PIONEER" "STARGATE? рте 
| € Picture Improving Energizer Cables 
| Video Stabilizers € Universal Remotes 


ENTER THE 


2000 
Technology! Qe: B 


МЕНИ EXIT 


Replaces Jerold, Pioneer 
and Scientific Atlanta 


1-5ЕТИР CHANNELS , 


| | E ee ae | VOL-- SCROLL LETTER : : ix : 
Features... 3-570 TUNING MODE MUTE-MOVE CURSOR | Bullet Protectors & Immunizers 


| € DEALER INQUIRIES WELCOME 
| € FULL WARRANTY GUARANTEED!! - 


* Built in Descrambler НИ oon PREVIOUS MENU-EXIT PREVIDUE 
* Computer Interface | 1 
«750 MHz t5. 201) А 12011 

« Infra-Red Wireless Remote Control e Channel 3/4 Switchable 


= "тя rated Volume and Mute Control = Last Channel Recall 


— Ë MEMBER OF THE NATIONAL CONSUMER CABLE ASSOCIATION 


"о orean тапи Displays For All . on aig а цо Channel ae — Т F e sumar 
r Functio TD / rogrammable n О d T ь Ч i 
« Glock . 1 d | Ф | | 
* Favorite Channel Memory Bank . аж me SUR TN Í raer 10 ree. x] 


. venam Parental Lockout e Audio and Video Ports 
i = Switched Electrical Outlet 
* Inview Video Pass-Thru Technology 


DESCRAMBLERS / CONVERTERS 


= 1-800-950-9145 


1-800-835-2330 


259 Order by C.O.D., Check-Via-Phone or VISA / MC 


Please have the make and model # of the equipment used in your area. 
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- РОР 501 


CONVERTERS & DESC RAMBLERS 


14937 Industrial Rd. 
Omaha NE 68144 


13 Month Warranty. 
= Friendy, Courteous Service. 
Buy 2 save 10% on second unit. 


FOR A FREE CATALOG OR TO PLACE YOUR ORDER CALL: 


| "Tenit? 


Jt a «Scientific САНЫ IT 
852517 13729 183:М, «506 610-124 » Austin, TX 78150 . 
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| DESCRAMBLERS | 
CONVERTERS - 
| COP 
| VI | | 

Now you can tune- тї your favorite 


of cable TV... 


For the amount of money you spend each year on 
cable rental, ein could own 2 аан ес 


ѕауе топеу by purchasing y yout abk 
equipment. + all | гала basic 
_ | channels. We offer the lowe ces on all 
©) | major brand names including Zenith, 

| Jerrold, Scientific Atlanta, Power and 
Pioneer. ! | | 
» 90, if you are tired of the rising cost 


vede * VISA • AMX - COD Add-on Cable Company 


Get the latest technology in cable converters and descramblers 


| *Frien 


S 


on premium CALBE TV EQUIPMENT. 
|. FREE Gable TV Catalog. 


| 


© Best prices 
e Save on equipment rental fees 
ы e merchandise by brand-name manufacturers 
[Wee service 
e Thirty-day money back guarantee __ 
• All orders delivered fast and SL 
conveniently via FedEx Economy 


Two-Day’ service mz 


Dri eciate the premium 
en you order gs и ， 
Gil м free £v! 


“cl юм 


FILTERS | 


Ү RENTAL TAPES WITH OUR 


= 
& = 
DEO STABILIZERS 


iiu i es 


Cable TV programming and 
AVE 510075 - EVEN 510005 


| Buy factory Direct 201 36 + T 
Ви Hyourselfl 35x56 * SOx 14 


800-888-4606 


=) MU DERN ELECTRONICS p 


“= 1-800- 906-6664 
1 2125 8. 156TH CIRCLE + ОМАНА, NE 68130 LS 


NEW !!! " | 
Revolutionary new universal one-piece JERR RROLD | ALL JERROLD 
converters and descramblers. Fully EXCEPT BASEBAND 
activates all Jerrold, Scientific Atlanta, 5ق‎ 
and Pioneer systems except baseband. SCIENTIFIC ATLANTA® 151 
Options include: ی‎ е ای‎ 
* Picture in Picture * On-screen display | 
«Simultaneous + Stereo NEN РИРНОУЕШИ 
watch/record ~• Last channel PIONEER" PIO-IIIO 
» Channel ID recall WORKS ALL PIONEER SYSTEMS 
* Volume/Mute • Favorite channel 
«Parental control » Ch 3/4 switch SEE Бела фала 
All Other Models Available ао ке 
30 Day Free Trial MicroCom Inc. 


; Prices Avallab 800-665-2002 


MasterCard - VISA - AMX - COD 


АРТ = | 


Jerrold, Scientific Atlanta, Ploneer are registered trademarks 
and all relerences are for identification purposes only 


BUY FACTORY ү DIRECT AND SAVE! _ л 


— M 


EAR WARRANTY 
NT GARAGES 2 Y 
ALL WEATHER € 30 DAY MONEY BACK SUM 


aput л 


8 tatg A Аг PROTECTION FOR: Cars, Trucks, RV's, 
5 1002 Boats, Docks, Hot Tubs, Greenhouses, 
hl Motorcycles, Pools, Paintbooth, Concrete, | 
9 Workshops, Gov't and Industrial Contracts, Sandblasting, | 
‚ ЧЧ Camp or Temporary Shelter, Walkways, and More! 
Эд HEAVY DUTY Steel Frame. Durable Dupont Cover 


: "| with Zipper Door. Sizes Available from 5' to 60' Wide, 
ОШ up to 30° High, Any Length. Withstands Rain, High 
Winds, Sun, Sap & Heavy Snow. No permit Property 


3 Ж taxes or required, Assembles and Anchors Easily 
X CEPS Ё 89 


Covers last ир to 20 Years. We Ship to Your Door! 


|: Valuable Features + 


Sreeumostea®| | gedi Cord Orders od û S5 RA 


DEALERS & EXPORTERS | 
WELCOME 


Cable Equ ршен 
Free 
Stargate SST лае Dealer 
Compatible with 
Jerrold • Scientific Atlanta * Pioneer 
MC. * Visa * Disc. • AMEX * COD 
30 Day Money Back Guarantee 


10% Restocking Fee! 
I Year Warranty 
Distributors Unlimited ‚ 
3825 South Campbell STE 194 
Springfield, MO 65807 


1-800-967-2603 


-ZYGON'S SUPERMIND™ & Lear 


Machine 
‘SHARPER IMAGE™ SLA, „Зул 111:1:19 1: най 


"MindGearPR2-X'* «Comptronic’s DAVID PARADISE™ 


Te wast Ар STRESS-REDUCTION, МЛ ЛЖ”, 
CREATIVITY, aro SELFAMPROVEMENT тод: ал“: 
| Scientific Researchers and Graduate Stedents J P 


CRITICALLY EVALUATE aad COMPARE the КЕИ 
most popular Mind Machines for: ч 
Бикен 

+ Product Quality — «Ease of Us 


ESS) | 
YOUR DECISIONS WILL BE EASIER 
ONCE YOU SEE [T ALL HERE! 
Send Check or Money Order for $10.00 ($15.00 for Non L.S. Orders) for 


Neuro-Technology Research, Harvard $ uare 

Dept. ТАР, PO. Box 1991, Ca e ier 223B 
Creat сога Orders add 53.95 5 ies н 3622 
CHIN 


| | ER 


1-800-932-9344 1 Ext. 
203-781-8000 4 227 
FAX: 203-781-8005 


CALL NOW Toll Free 


T.V. BOXES 


CONVERTERS / DESCRAMBLERS 
Why Pay Rent 
Call for FREE Catalog 
1-800-972-2779 


FREEDOM 
ELECTRONICS 
| _ 4360 NE 11th Avenue 
| Ft. Lauderdale, FL 33334 = 


f 


кз ABLE Тү 
DESCRAMBLER 
SALE 


Money Back Guarantee 


1-800-535-1843 

LOWEST PRICES!! Quantity Discounts! 
DEALERS WANTED 9-6 MON-FRI 
EARN EXTRA SSS SAT 10-2 CST 

Гїна5а fave MODEL иа ту 


CABLE | 


cur агаа when calling 


Call ис Last CNC Савхан Inc 


` PO Box 49503-PS 
and Save ! MPLS. MN 55449 


ө volume control 


Basic Converte 
MILLE nniu fn? aes cade 


g9 (cop. 
800-644- 6682 


10-lot price for 
dealers only! 


e restores PIP 

e parental lockout 

e infra-red remote 

ө remote A/D switch 

e favorite channel 

e watch one channel 
record another 


“5 49 NOVAPLEX 


8818 Bradley Ave., Sun Valley, CA, 91352 
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Cable TV Descramblers 


CABLE TV 
EQUIPMENT | 


Your: #1 Source for Descraínblers, 
Converters and ee ORS | 


Wa اسا‎ a full lina rdi me be m 
Zenith, Scientific Atlanta, General тет 225 Yard Range folding slingshot stores 
ammo in handle. Includes 70 rounds of 1/2" 
white Tracer® brand marbles, and extra 

band assembly. Post. paid 

$15.00 total 


TRUMARK* E. 
SNAPSHOT brand 
Rubberband Gun shoots 6 “ 
shots in rapid-fire action. Long12" 
barrel snaps bands up to 30 feet. 
Black plastic stock & rotating starwheel. 
Includes 12 powerbands. $12.95 postage pd. 
Send your check or money order to: Trumark 
1835-P 38th St. Boulder, CO 80301 


| CREDIT CARD ORDERS : 


GALT, INC. 
CALL 800-487-2225 


5325-8 Falls of the Neuse Road 
шє= ш; 
Raleigh, NC 27615 


CABLE 
DESCRAMBLERS 


1 800 878-6272 


WE WILL 


MATCH OR BEAT 


ANY ADVERTISED 
OR WHOLESALE PRICE! 


MILITARY STYLE моды 


ROCKET LAUNCHER 
x 


Launch solld fuel model rockets! 


| Мо 800# капед 
SAVE $$$ -DONT RENT No Catalog "^ o. 014.95 
САЦ. РОВ ЕВЕЕ бАТА106! | Just low, low prices. со E 
| Zenith Pion 3 | 
| Tocom Century Call the rest Pot. Pend. Branford, CT 06405 
C BASE: Scientific pesa Then call Us for the i | 
and more! best price. Missis duis fos 1-800: AWIRE 4-0 
Call AA Electronics Today! - - JERROLD PANASONIC SA'S ETC 
800-258-951 2 305 425 0751 CABLE TV CONVERTERS PLUS 
| NO FLORIDA SALES! 


ы Dealer Prices! «Compare our low 
inel Priced * Guaranteed Prices + Warranties! 
*Orders shipped immediately! C.O.D. 

* WE'LL BEAT ANY PRICE * 
Sorry по N.J. sales. Dealers Wanted. 


CREDIT CARDS ACCEPTED . 


BUILD YOUR OWN 
ROCKET MOTORS! 


6 UP TO 80 POUNDS THRUST! 
€ USING SIMPLE MATERIALS! 
® FOR JUST PENNIES APIECE! 


Homemade rockets go togethe | 
homemade fertilizer charcoal "del Mode зе | 
П» thousands of feet! Speeds to MACH TN 


Write s pur catalogue, and we "Il send you 
work ӨГ: Босна E 4 
igniter ND Teach re how (отог vour own 


homemade motor casings, all usi 
malerials vou ey find around vost house. = 


SEND $2.00 TO 
Dept. PS5, THE TELEFLITE 
CORPORATION, 11620 Kitching, 
Moreno Valley, CA 92387 | 


The nationwide source = TÉ 
for cable TV equipment. / zal 


"BUY WHERE THE DEALERS BUY." 


All major brands * 
BELOW WHOLESALE PRICES * 2 YR. WARRANTY | 


Money-back guarantee 


WE BEAT ANY PRICE... NOBODY BEATS US! 
RP ELECTRONICS 
1-800-304-3604 


=== 


with Inconsistent 
Your VCR Tares Hd cdi vedi 


We'll beat anyone's price! 


for less than $300. Machine CAD 
parts, gears, threads, engravings 
PII апа more. Learn the principles of 

ME) precision motion control. Plugs into 

{| the printer port of a PC compatible 
| computer. Plans, completa instruc- 
tions, software and source of materi- 
х || als $65.00. Information brochure 

| only $1.00. Send Ck. or M.O. to: 


Filters * 


ORI ON Electronics 


Converters * Accessories 


MAXNC 
1861 5. Ash © Chandler, AZ 88848 


lide Ratio of 35:19 250 Ib. 4 
htwei Low Cost 
X. ree 


Ж * U.S. GOVERNMENT SPECIFICATION * +*+ Kits from $499 


"c 


MA-I JACKETS 


i y Pocket w/Pe 


р” А 2 Кай Cellar, Waist & Calls 

v; i jb 100% Nylon Outer Shell | | 
à Ч A Тане 

ud Pelyester Fill 

бу. Reverses to 

Salety Orange 

c Sizes XS, | 

thru XXXL. 


Sage Green, rg ein Silvacraft Inc. 
90 Curtwrigbt Dr. 
Unit 3 
Amberst, NY 14221 


1 1-800-661-7746 


1-800-385-4 103 sat 95 


Afr Bede Хүү LO rov WN ES ea oe 


РО BOs TUS, COLD SPRING HARBOR, NY ET 72 л i 


SUBMARINE u Simple ма Construction! 


Experience the thril! of ыза ma B Tope “volt тесігі mood 
under-water flying !! 
Kits available from ceps 


иж | 


CABLE TV 
DESCRAMBLERS 


FREE COLOR CATALOG WE 


1 -800-233-9388 Choose from over 200 kites. f Homebui фр, 
FREE C yn Many unusual & innovative designs. | o wy， 站 
REE CATALOG 1 Call ог write for your catalog today! EL E ) 


GUARANTEED BEST PRICES · IMMEDIATE SHIPPING 
APPLE ELECTRONICS 


Hollywood FL 33021 


Complete detailed prints 
|| Both 2- & 4-man designs 


| Into The Wind • (800) 541-0314 i 
| 8 1408-P Pearl St., Boulder, СО 80302 
Lm ius хөлд mu am aus ml 


PLANS 5 15- ишы» umm = dod 


3389 Shnendan St бше 257 


110 • POPULAR SCIENCE MAY 1995 


CABLE TV DESCRAMBLERS 


ABSOLUTELY THE LOWEST PRICES! | | 


Cable Descramblers 


1 Year Warranty 100% Money Back Free Catalog 


Cycle-Flyer iowese SAILPLANE p 


Ext. 101 = 4 


For Customer Service | 
or Guastions Call 
кю Package Catalog (816) 637-2800 
Action V deci 
nta jes d м пово C сє ombo ^ 
i i| devices pter Corp. 
ia Pac KAF PAL vi кн Сото £55] 1205 W. Jesse James tPS 
Ё Excelsior Springs, MO 64024 
Credit Card Orders Only: 
1-BDO-83 F BET 


ا 


== Wood/oil, wood/gas 
multi-fuel whole house 
warm air furnace. 


Eagle Furnace 
1000 Ag Science Drive 
Palisade, MN 56469 

or 1-800-358-0060 


Compressed Air Auto secrets, catalog $3.00 
book $8.00, PneumOpt, 6333 Pacific, Stockton 
CA 85207. 


FREE ENERGY! Fuel-Less Motors - Gener 
ators! H&A, R2bEPS Bowling Green, MC 
63334-9350. 


NEW! BUILD AMAZING LIQUID PISTON EN 
GINE from pipe fittings. Free information. ABCO 
Box 306-S5, Seminary, MS 39479 


a ARTS & CRAFTS 


FREE INFORMATION The Secrets to pro 
fessional Airbrushing. SASE PO Box 978: 
Anaheim, CA 92812 | 


ASTRONAUTICS 


30 ANTIGRAVITY METHODS! "FREE EN 
ERGY” GENERATORS! 200 UNCONVEN 
TIONAL TECHNOLOGIES! AMAZING AR 
CHIVES CATALOG! Send $2: Rexco, Bo) 


| 19250, Jean, NV 89019. _ 


AUDIO/VIDEO EQUIPMENT 


‘REPAIR FOAM ROT 
FOR YOURSELF! 


БАТ will Save you hundreds of dolla 

Gites ing AR Advent, BO SE * 

иг hesive & instructions 

507, 95, or BOSE 901's $57 95/pr. (incl 

S/H. No COD's) Do it yourself with SAT! » 

800-147-3682 MC/VISA 
704-697-001 74 Hr 


make & model w orge 


| STEPP AUDIO TECHNOLOGIES 
РО Box 1088, Fia Rock, NC 28731 — inc 


CALL TOLL FREE 1-800-767-4041 
SIMPLY SPEAKERS * AMEX 


AUTOMOBILES 


$50,000/ YEAR. Selling, wholesale, or exporting 
cars. FREE report. CODEX, 507 Oak, Friend- 
swood, TX 77546 


DRUG SEIZED Mercedes, Fords, Porches, 
Vans, Trucks, houses: Seizures, Box 51488-ҮА, 
Ontario, CA 91761. 


FUEL ATOMIZER 2000. Famous, small and 
doubling gas mileage for many. Save gas and 
earn money. Costs less than $150.00. Guar- 
anteed. Free Information. 800-647-1771. 24ht 
recorded message. WYOMING INSTRU- 
MENTS - ANAME TO BE TRUSTED. 


| VAPOR CARBURETOR TRIPLES MPG. Free 


information. H&A, A2PS Bowling Green, MC 
63334-9350. 


AUTOMOBILES 


GOVERNMENT AUCTIONS! Cars, Trucks, 
Boats, R.V.'s, Farm Equipment seized by DEA, 
Police, & other government agencies. Call now 
for auctions in your area, Toll-Free: 
1-800-549-2400, Ext534. Зат-10рт PST, 7 
days. 


AUTO SUPPLIES & EQUIPMENT 


ALTERNATOR Generator Rebuilding Book. | 


Price: HV Technologies, 7505 Barkentine, Las 
Vegas, NV 89128. 


AVIATION 


bi E HOMEBUILT HELICO PTER 


Tiniest Super-low-cost, easy construction! 
This tiny marver mes üke 
t^e big Оле, рег i nhe 
amaleri & vimm fest өл 
engine helicopter ever 
develapedt 
ж Cares one person 
«Сап be sored anywhere гах 
a Powered by Go-Kort engines БЕО е 
a No licensa heeded 


СЛ Construction Plans: | =. 


s Tr ^s F^ - 

|... Оту $24. VORTECH, inc. 

(1| (44453 pore Foreign add 36) PO Box 511-А 

jp тшн боох м А I | Fallston, МО 21047 
Номеєвліт HELICOPTER Сагы 0 ED Orderline; W 


Сагмов omy: $10 1-410-583-6366 


| —- a LENS = 


AIRBOATS - Hovercraft - Airdrives. Propellers, 
‘Engines, Plans. Catalog $5.00. Arrowprop, Box 
610P, Meeker, OK 74855. 


BOOMERANGS! HI -TECH DESIGNS. Amaz- 
ing Science Project Fun...Returns! FREE Cata- 
log. BoomerangMan, 1806-2 N. 3rd, Monroe, LA 
71201-4222. 


Jet power for * 1-Persow EL 
COPTERS ° AIRPLANES Ч JET PACKS, 
* GO-KARTE * BIKES 9 ЯОСКЕТНҮ , a 


Complete Pulsejet Plans ; 
ONLY 520.95 
plus $3 p/h — £5 foreign p 


Order from: Winds pire es scm бш Rr ган 
PO Вох 145 • Dep Sr credit сага orders: 


t 
Long Green, MD 21092 Gal (410)836-6824 


BUILD/FLY Your own BACKPACK POWERED | 
PARACHUTE for fun/profit. Takes off from level | 
ground unassisted. Safe, Simple, Inexpensive. | 


Detailed book with sources. Now only $19.95 
EASYUP 617-5 Anderson, Talent, OR 97540 


| incredible 20 PROJECTS of PVC PIPE 


GO-KART/ BAJA! HOVERCRAFT, SNOWMOBILE/ Lat IDSAILER, 
1 SAILBOAT/ GREENHOUSE/ SWIMMING POOL/ & MORE EA 

PVC PIPES ARE EAST TO = 

1 Ё GUT УТ ГАГ Гү 
GOOD-LOOXK & 


BOOK $ 14 * $3 postage 


7 we 
Collection of detailed plans for all 20 projects 


PVC DESIGN P.O. Box 36674, Houston, TX 77236 


LEARN TO FLY 30 PAGE BOOK TELLS ALL. | 


$8.00, KAMPAIR, |. DURHAMVILLE, 
13054-9702. 


N.Y. 


Easily buit in one Week IT 
pa License needed 
Bulld this simple plane 
To using urethana foam 
: ” and wood Propulsion 
чаа î engine to from 


Ir: Бол: ULTRALITE Ant Stal 4 Spin Design 


га Үнэ ee ae ”, m Vi Complete à Fuly полад 


INEERING, | PLANS $15: $3 postage; 
mores xen, dens 1 includes a Ultralight Guidebook g 


Sugar Land, ТХ 77478‘ oa eee ounce e 


Fully illustrated & Detailed 
PLAN $ 15+ $2 postage 
B-EZ Engineering P.O. Box 1675, Stafford, TX 77487 


AVIATION | | 


BEER & WINEMAKING | 


BEERMAKERS Winemakers Free Catalog. | 
Сеїїаг-5, Box | 


Fast Service, Free Recipes. 
33525, Seattle, WA 98133. 800-342-1871 


BEGINNERS SPECIAL, Free Catalog and 
Great Prices. Call U-BREW 1-800-845-4441, 
North Myrtle Beach, SC 29582. 


Homebrewers. FREE CATALOG. Great Begin- 
ner kits. Brewery, 1304 Quincy, Minneapolis, 
MN 55413. 800-234-0685. 

WINEMAKER -BEERMAKER: Free Illustrated 
catalog of supplies. Semplex, PO Box 11476H, 
Minneapolis, MN 55411. 


WINEMAKERS - BEERMAKERS Free Illus- 


trated Catalog - Fast Service - Large Selection - | 


Visa/Mastercard - 1-800-841-7404. KRAUS, 


Box 7850-N, Independence, MO 64054. | 


| ВЕТТЕН HEALTH | 


ATTENTION! New, Effective, Simple 3-Step 
Home remedy And Dietary Precautions For 
GINGIVITIS, Minor Gum Bleeding, Poor Oral 
Hygiene. Better Than Any Antiseptic Alone. 
GUARANTEED. Send $6 + $1 S/H to A&L 
Publishing. 2227 US Highway! #179, North 
Brunswick, NJ 08902 


BOATS, MOTORS & EQUIPMENT 


MERCUR 
OUTBOARDS 
керке yd 
82.00 Handling Бого! Ws Sipi. 
LECTRA MARINE • (516) 599-3003 
610 Merrick Rd., ‚ Lynor NY 11563 


BOAT KITS = PLANS -- PATTERNS -- EPOXY 
- FIBERGLASS — SUPPLIES -- 250 DESIGNS 
- 6'/70° = Powerboats -- Sailboats -- Hydro- 
planes -- Tunnelhulls -- Canoes -- Kayaks -- 
Dinghies -- CATALOG -- $2.00. BOOK "Ата- 


teur Boatbuilding" -- $6.00. CLARKCRAFT, 
16-7 Aqualane, Tonawanda, NY 14150. 


BOAT PLANS - PATTERNS - KITS ~ 168-page 


| DESIGN BOOK-$5.00 GLEN-L. 9152 Rose- 


crans, Box 1804/PS5, Bellflower, 
90706-2138. 310/630 6258. 


CA 


` BOOKS & PUBLICATIONS 


| Leading subsidy book publisher seeks 


| | manuscripts of all types: fiction, non-fiction, 


| poetry, scholarly and religious works, etc. 
Send for booklet P-40. New authors 
| welcomed. 
Vantage Press 
516 W 34 St., New York, NY 10001 


BILLMINDER SAVES 55555, IMPROVES 
CREDIT. NO MORE LATE CHARGES. FUN 
&EASY TO USE (NO COMPUTER NEEDED). 
SAVES TIME &MONEY. YEARLY ТО 
MONTHLY RECORDS AT YOUR FINGER- 
TIPS! $12.95 -5/Н GALL 1-800-721-7118 У/МС 
DEPT.-P. 


HOW TO START A BUSINESS FROM HOME. 
$5. HALOREN DISTRIBUTING, 1418 Harmony 


| Lane, Fullerton, CA 92631 


| Bandits, PO Box 861, 


BOOKS & PUBLICATIONS 


LOWEST PRICES on Underground Informa- 
tion including; Hacking, Phreaking, Anarchy 
and Cellular. Send $1 for catalog to Byte 
North Branford, CT 
06471 


Hypnosis Instant | 
Methods 


* Free Details * 


TRANCE 

P.O. Box 5022-124 
Dept. A4 

El Toro, CA 92630 


tionary World History Dates [38,000 B.C.- 
present] 500 pages hardcover $12.25 Coppa 
Consultants, 635 Raymond Street, Westfield, 
N.J. 07090. 


BUSINESS OPPORTUNITIES. 


| CRACK REPAIR 


OVER A FOOT LONG | 
Process, HUGE DEMAND! 


PROCESS 


$19,500 possible with your computer! SASE: 
Nancy, РОВ 5447, Glendale, AZ 85312-5447. 


#1 MONEY MAKER Spare Time! No selling! No 
inventory! Publicly documented seven week 
$19,919 income! Free audio cassette and Re- 
port reveal everything. Real Money, 333-Р565 
SW 5th Street, Grants Pass, OR 97526. 


$2,000 DAILY From your Telephone Answering 
Machine! I've made over $1,000,000 using mine! 
(303) 637-1492. Recorded Details. 


$2000 weekly!... Thousands satisfied homewor- 
kers. Free infopak... bonuses! Universal-M, Box 
360378, Brooklyn, NY 11236 


$225 DAILY "CHROME PLATING" AUTO 
PARTS, MOTORCYCLES, INEXPENSIVE, 


EASY (FREE) information: Chrome, Box 5748, 
Deltona, FL 32728. 


$ 5000 PLUS MONTHLY $ 
FROM GOV'S BEST KEPT SECRET, THE 
DISABILITY CONSULTANT 


- ADVANCED PAY, FREE TRAVEL & MORE 
FREE BOOKLET-CALL 


800-375-2228 
BOX 460058 * AURORA, CO 80046 


$25.00 / POUND PAID For Aluminum Scrap? 
Alexandria Bay, NY 13607-0127 


$360,000 OVERNIGHT! Start-Up Cost: Zero! 
Amazing recorded message reveals details: 
(303)637-1493. 


$392.00 from sq.ft. plywood.(HUGE DEMAND) 
Revealing proof-$1.00(Refundable). Woodwins- 
PS, РОВ 859, Bridgewater, MA 02324-0859. 


$40,000 ON 1/3 ACRE! New hydroponics - 
inexpensive, pleasant, practical! Free informa- 
tion. Planters, Box 681804, Franklin, TN 


3/068-1804. 


ARAB BUSINESSMEN have money to buy and 
invest. Top finders fees paid. IMEA. 595р51. 
Box3574, Newport Beach, CA 92659-8574, 
714-722-9260 


BEST NETWORK. Unlimited income potential. 
Nutrient-rich wild food. Free information 
800-298-4087 


COUNTERTOPS plus more: Repair or Recolor 
WITHOUT REPLACEMENT! Quick, easy to 
$600/day. 206-256-9742. Write today to 
RENEW-ALL, Box 4506-SS55, Vancouver, WA 
98662 


| business. Grants/loans to $500,000.00. 
(Yes... Free Report!) Write: Ameriscrap- PS595, | omas $ 


BUSINESS OPPORTUNITIES 


DRUG RAID SEIZURES: Dirt Cheap! Cars, 
Houses, boats, computers, Seizures, Box 
51488-YD, Ontario, CA 91761 


Earn $500-$1500 weekly mailing our circulars 
from home. Send SASE to NTSCO, P.O. Box 
572028, Houston, TX 77257-2028 


Ган PRINTING MACHINE 


We manufacture professional 
single and multi-color screen 
printing equipment. 
Inexpensive. Call for 


brochures, prices and 
information pack on the 
versatile AZTEG 1000 T-SHIRT 
SCREEN PRINTER. 


| | сатсо МЕС, core. miami. FL. 800-869-6338 


Ultimate History Reference! Chronological Dic- | 


EARN AMAZING PROFITS! PERSONAL, 
HOME AND AUTO SECURITY PRODUCTS, 


| FREE CATALOG 800-653-3012. 


Entrepreneurs. Start Homemade Booklet, 
Newsletter, Self-Publishing on shoestring. 
$35,000- $100,000 income. Details. Stahka 


60-D Westchester Amherst, NY 14221 


FINANCIAL FREEDOM NOW! 92 Home- 
Business Guides. Free Information. LSASE: 
MoneyMakers, Box 330-PS, Tomkins Gove; NY 


| 10986. 


Free 9004 S- We're Giving Them Away! Out- 
standing Income Opportunity! Free Information: 
914-573-2067 


FREE! Turn any Computer into a Money Ma- 
chine. Free Report: 1-800-221-3813 
OperPS101. | 


FREE! WEALTH- BUILDING, mail- order soft- 
ware. $9.95 processing. Dynamic Publishing 
Box 231 Granbury, TX 76048 


GET PAID $268.20/ Roll Taking Easy Snap- 
shots! Film Supplied. Phototek, Box 2457-Р5, 
Pinecove, CA 92549. 909-659-9757 


"GOLF" DISTRIBUTORS WANTED FOR THE 
MOST UNIQUE, MOST PROFITABLE GOLF 
INNOVATION TO HIT THE MARKET IN 20 
YEARS. 800-724-7297. $9,900 Investment. 


HYDRAULIC JACK REPAIR MANUAL AND 
CATALOG $10.00. HYDRAULIC PARTS SUP- 
PLY, BOX 4157, BROWNSVILLE, TX 


78523-4157. 


JOIN HOME-WORKER'S ASSOCIATION -- 
Get "Guaranteed Legitimate” home-employment 
offers! (Many Choices!) Write: Association 
PS595, Alexandria Bay, New York 13607-0250 


LEARN SKILLED TRADE SECRETS IN CAR- 
PET AND VINYL INSTALLATIONS. MAKE TOP 
WAGES. WRITE SIMDEX S538C38 RR#5 
COMOX BC CANADA  V9N8B5 FAX 
LET THE GOVERNMENT FINANCE your small 
Free 
recorded message: (707) 448-0270. (JG6) 


EARN $60,000 YEARLY 


| Repairing | not replacin 9) stone dam- 


aged windshields an d plate glass. 
| Learn how a 3 minute repair can earn 


you $1200/week! 
CALL NOW! 


1-800-695-6224 | 
| FREE REPORT! 


| NVS/OPTIKLEER, LYNN, MASS. 01904 | 


к= пиг нин "- кш ын € —Á — € ЕР ЕР НЕ НЬ 天 汪汪 本 m ШЫ; OR RN ПЕШ. ПЕП ЖЕР ЕШ ИШ. ж= жа шики. шш шшш 4 
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MAILORDER MILLIONAIRE reveals money- 
making secrets! Free exciting cassette. Melvin 
Powers, 12015 Sherman Rd., North Hollywood, 
СА 91605, 


MAILORDER OPPORTUNITY: Start profitable 
home business without experience or capital. 
Free book. Mail Order Associates. Dept. 476, 
Montvale, NJ 07645 


| MAKE $15,000 monthly! The Perfect Business. 


No investment. Easy. Free Booklet. MPC, Box 
57, Lenore, ID 83541. 


MAKING Money. Super big profits. No invest- 
ment. Lee. Box 276316. Sacremento, СА 95827 
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BUSINESS OPPORTUNITIES 


REPAIR CRACKED WINDSHIELDS 


Earn $90,000 Yearly Repairing 
-not replacing- 
Large Cracks in Windshields 


CALL 1-800-826-8523 
or write The Glass Mechanix Inc. 
14555 NW 103rd Ave. « Ft. Lauderdale, FL 33351 


MAKE HOMEMADE "how-to opportunity" 
booklets. Mine have earned $820,644! Money 
never stops! Free report, Don Massey, 507M 
Oak, Friendswood, TX 77546. 


MONEY MAKING MACHINE. Curbmate ma- 
chine installs beautiful concrete lawn edging. 
Amazing profits. 801-262-7508. 


NEW 2000% PROFITS -in moldmaking/ 
Casting. Free information: Caster, Box 
16586(P4), Memphis, TN 38186-0586. 


NEW! GROW EXPENSIVE PLANTS, 2000% 
PROFIT. Free information. GROWBIZ, Box 
306-55. Seminary, MS 39479. 


OWN YOUR MAIL ORDER BUSINESS SELL- 
ING BOOKS. TPCE, BOX 4113, TORRANCE, 
СА 90510 


BE YOUR OWN BOSS 
Repair Cracked Windshields. It's Easy. We'll | 
teach you how to start and run your own busi- | 
ness. Keep all the money you earn. Patented | 


Equipment. FREE valuable report. 
CALL 1-800-321-2597 
GLAS-WELD SYSTEMS, INC. 
Box 5755-C * Bend, OR 97708 


PIANO TUNING PAYS: Learn with approved 
home study course, Diploma granted. American 
Tuning School, 17050 Telfer Dr., Morgan Hill, 
CA 95037. 


RECORD VIDEOTAPES - At Home. $5,000 
Monthly Possible. No pornography. Free De- 
tails. Write: CMS Video Company, 210 Lorna 
Square - #163P, Birmingham, AL 35216 


RECYCLE (AMAZING PROFITS MADE) Re- 
conditioning Automoblie Batteries! (Free) In- 
formation! Battery Outlet, Box 3300P S, Hickory, 
N.C. 28603-3300 


This is your last chance. Send $1.00 to Freedom 
P.O. Box 5282 Katy, TX 77491-5281 


WHY WORK FORTY YEARS to retire BROKE?! 
Proven Money Making Opportunity. Guaran- 
teed! Free Info: Athena Marketing Group, PO 
Box 400504, Brooklyn, NY 11240-0504. 


YOU HIT A GOLD MINE. Eam 60,000 a year 
Gold Plating Emblems Or Automobiles. For Free 
Information Call US/Canada 1-800-877-0066 
Write: The Gold Mine, 1304 S.W. 160th Avenue, 
Suite 230A, Ft. Lauderdale, FL 33326 


BUY IT WHOLESALE 


Computers, communications equipment, 
medical equipment and supplies, agricul- 
tural products, and much more. import- 
export specialists. AUDIO AMERICA (Vir- 
ginia). 1-703-745-2223. 


FAMOUS NAME REPLICA WATCHES. Au- 
thentic — re-creations. Excellent quality. 
Wholesale prices. Brochure. 1-800-553-4334. 


FREE 600,000 ITEMS, Wholesale Directory 
(LSASE) TNT, Box 2614P, Big River, CA 92242 


FREE CATALOG 


* CABLE T.V. BOXES - ALL TYPES : 
* LOW PRICES - DEALER PRICES : 


ACE PRODUCTS 


1-800-234-0726 5 
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CABLE EQUIPMENT 


JEST NS. | 


Add on Descramblers 
CALL NOW! (303) 731-9400 


.. Sery, во Colorado sales. 


CABLE CONVERTERS, ACCESSORIES BE- 
LOW WHOLESALE! Immediate delivery from 
giant stock. COD orders only. No Florida sales. 
1-800-995-1749 


CABLE DESCRAMBLERS. ABSOLUTELY 
THE LOWEST PRICES! NOBODY BEATS US. 
RP Electronics 1-800-304-3604. 


CABLE/ SATELLITE DESCRAMBLING. Real 
technical information. Free Catalog. Voice/ FAX/ 
BBS 716-874-2088. 


CABLE-TEST CHIPS As low. as $9.95 For 
Testing Cable Boxes in Full Service Mode. 
JERROLD; PIONEER; PIONEER CUBES; 
TOCOM 5503/5507; SCIENTIFIC ATLANTA; 
ZENITH; REMOTES $10; NE ENGINEERING 
600-926-4030 


CABLE TV BOXES 


JERROLD 一 | HAMLINE ГД 


VISA - MC - COD 
1-800-833-1 606 
-1 MICHAEL'S ELECTRONICS Û 
DESCRAMBLERS 


^| CABLE Test Chips. Puts cable box into full 
| service 


mode! $29.95 to 
1-800-452-7090, (310)902-0841. 


CABLE TV CONVERTERS! JERROLD, OAK, 
ZENITH, SCIENTIFIC ATLANTA, PIONEER... 
EXCELLENT PRICES! PERSONABLE SER- 
VICE! 30 DAY MONEY BACK GUARANTEE! 
INNOVATIVE ELECTRONICS INC., 
800-493-5474, ASK FOR JOHN OR BILL. 


$59.95. 


CABLE TV CONVERTERS. Jerrold, Zenith, 
Oak, Scientific Atlantic, All Brands Available. 
Link Yourself To the Future. Visa, Mastercard, 
COD'S Accepted. CABLELINX, ІМС. 
1-800-501-0095 


CABLE T.V. 


Окоғя Now 
Toli FREE! 


J.E.S. inc. 


1-800-676-7966 
ALT: 1-800-804-6552 
it is not fhe intent of J.E.S. Inc. to defraud cable systems. 


sers are advised 10 check local and Federal Laws. 


CABLE T.V. CONVERTERS AND DESCRAM- 
BLERS. WHY RENT? CALL BASIC ELECTRI- 
CAL SUPPLY. 1-800-577-8775 


CABLE T.V. CONVERTERS AND ACCES- 
SORIES. Fair Prices, Quality Service, and 14 
years Experience Gives Us The ADVANTAGE. 
CALL 1-800-952-3916 V/MC/AMEX/DISC/ 
COD. Advantage Electronics, Inc. 1125 River- 
wood Dr., Burnsville, MN 55337. MEMBER OF 
NCCA 


CABLE TV CONVERTERS & ACCESSORIES 
Wholesalers Welcome! 30 Day Moneyback 
Guarantee! Free Catalog! PERFORMANCE 
ELECTRONICS, INC. 1-800-815-1512 


CABLE T.V. DECRAMBLERS And Converters. 
Call For Our Amazing Prices! Call National 
Cable Products. 1-800-342-4509 


| Revolutionary Technology: 


CABLE EQUIPMENT 


CABLE TV CONVERTERS 


Save 51005 

*All makes and models 
* Years of customers 
complete satisfaction 
«Quality Equipment 
"Shipped within 24 hrs 
*Free catalog 


CABLE TV DESCRAMBLERS, CONVERT- 
ERS, COMBOS, DEALERS DISCOUNT. CALL 
NOW. WE'LL BEAT THE COMPETITION. UNI- 
VERSAL SALES 800-647-2371 


CABLE TV DESCRAMBLERS. ALL MAKES. 


IMMEDIATE SHIPPING. VISA/ MC/ COD. 
WING WHOLESALE 800-304-4408. 


Cable TV Descrambler 
NEW Product 


No Converter Necessary 
Works With All Systems 
— 1-800-886-8699 


CABLE TV DESCRAMBLERS/ CONVERT- 
ERS. Jerrolds, Scientific Atlantas, Pioneers, 


Tocoms, Zeniths, More! BEST PRICES! Free | | 


Catalog! ALLSTAR 800-782-7214 


CABLE TV EQUIPMENT Scrambler, best prices 
guaranteed. Confidential, 5 years in business. 
1-800-973-9278. 


CABLE TV New products. Best in the business. 
External activators for Jerrold. Pioneer, Scienti- 
fic Atlanta living or dead. Save Big. 
800-375-7022 


CABLE TV Why Rent? When You Can Own. 
Quality Products. Call TONITE брт- 11pm. 
EST 1-800-865-7493 Free Catalog. True Value 
Electronics. P.O. Box 591 Lincoln, NH 03251 


CABLE T.V. CONVERTERS, DESCRAM- 
BLERS. Scientific Atlanta, Zenith, Jerrold, Pio- 
neer, Oak. Replacements for most models. 


| Quality, Price and Service. Visa M/C. Dealer 


inquiries invited. EAGLE Electronics Ine., 
1-800-259-1187, Number One, 1301 Railhead 
Blvd., Naples, FL 33963. 


ж CABLE EQUIP. x 


REPLACE ALL MODELS 
MONEY BACK GUAR. 
1 YR. WARR. FREE CAT. 


LOW PRICES , AVOID RENT 


1-800-243-3967 


SKYLINE SYSTEMS, INC. 


ШШЩ park Ridge, воо 


Park Ridge, IL 60068 
DESCRAMBLERS. Every Model Available. Call 
To Learn All Your Options. Sunstate Engineer- 
ing. 1-800-717-1575 


If you have beeping or chirping sound on some 
of your scrambled channels we can help. Call 
“The Filter Company” 1-800-820-8884 Ext #777. 


Universal Box 
Works On Jerrold Or Pioneer Systems 


1-800-676-6342. 


SCIENTIFIC ATLANTA, PIONEER, AND JER- 
ROLD COMPATIBLE DESCRAMBLERS. 
NEW EQUIPMENT. ONE PIECE. CALL EV- 
ERYONE ELSE, THEN CALL US FOR THE 
BEST PRICE. NO CALIF. SALES, ACME CA- 
BLE PRODUCTS **1(800)866-ACME** 


SECRET CABLE DESCRAMBLERS! Build 
your own Descrambler tor LESS than $12.00 
in SEVEN EASY STEPS! RADIO SHACK 
Parts List and FREE Descrambling Methods 
that COST NOTHING To Try, Included. Send 
$10.00 to: INFORMATION FACTORY, P.O. 
Box 669, Seabrook, Texas 77586. For C.O.D's 
1-713-822-3512 Any Time! 


THE SURGE ENDER Electronically Neutralizes 
Any Harmful "Surges" Sunstate Engineering 
800-717-1575 


L&L ELECTRONICS INC. 
1430 Miner St. Suite 522 Des Plaines, IL 60016 


1-800-542-9425 


Purchaser must agree to comply with ahh State and Federal 
laws regarding private ownership of cable TV equipment, 


SUPER CABLE TV "TURN-ON CHIPS.” Pro- 
vides Full Service Activation. FACTORY DI- 
RECT! EXCELLENT INSTRUCTIONS! JER- 
ROLD, TOCOM, ZENITH, PIONEER, 
SCIENTIFIC ATLANTA. CALL NOW! MAS- 
TER COMPONENTS. 800-233-0570. 


Cable TV 
DESCRAMBLERS! 
These аге the ones youve 
been Looking for! 


ce mm TU: ы z — = 
— 2 Ter >з qmd Ээ. 


WE CARRY A COMPLETE LINE OF ALL MAJOR BRANDS, 
INCLUDING ТИНМ-ОН CHIPS. WE HAVE THE LOWEST PRICES | 
— —5| CATALOG 

V 
| GS соо AVAILABLE 
1 OVERNIGHT SHIPPING AVAILABLE ON MOST ORDERS. 


| 
1111111111111111111111131411114 1111111111111111111111 


| CABLE HACKERS HANDBOOK 
FASCINATING NEW BOOK REVEALS ALL! | 
IF YOU OWN A DESCRAMBLER. OG АНЕ CONSIDERING THE 


wees EL ГЫ | 
Р JA РЫХ. Тан 


GME TRS DOOK EA MUST 
BAST &I OU OD ON T 
MEY HACK! COMPLETE GURL i 
BLER& AND HOW TO GET THÉ RIGHT 
oT ТИЛЕ. WIH NO HASSLES DONT 
上 RE Ary THI ^ AOE BEF ORE YOU ALN 
TOPICS COVERED МОС ЕСЕ: 

IDOE INE ORATION PROM THE CABTE COMPANIES 
GETING THE RIGHT ШОХ PRICE GUIDELINET 
WHOLELALL OUTLETS GEVEALED — BUT WHERE THE DEALERS Bur 
TURN-ON CHIPS & INSTRUCTIONS FOR EVERY KINE LEGAL iUi 
HOW TO BECOME A DEALER AND MUCH MORE 
Gel This Book Before they Ban ITIT 


ONLY ‘19” sar) ёс 
E EN 


1-800-618-7480 


pitit 
ak 


UNIVERSAL DESCRAMBLER New RFT-1 
Compatable with Jerold DPV7 DPBB7 CFT 
АРТ-1 will test Multiple boxes at the same time. 
ALL BRANDS AVAILABLE. 1-800-717-5003 


| Visa/MC. 


CAMERAS & PHOTO SUPPLIES 


3-D CAMERA, VIEWERS; practical, ecomical. 
Plans $9.95 A. Barrera P.O.B. 393 Orangevale, 


| CA 95662 


CATALOGS 


LEFTHANDED PRODUCTS EXCLUSIVELY. 


| Quality merchandise, gift baskets. Free catalog. 


Left Hand Supply. P.O. Box 20188, Oakland, CA 
94620 510-658-5338 


CB RADIO/SCANNERS 


POLICE - FIRE SCANNERS, CB'S MARINE 
2-WAY, ANTENNAS, HPR, BOX 621136 
LITTLETON, CO 80162. = 3 


PRO CB ANTENNAS/ACCESSORIES! Free 
Catalog. Firestik Manufacturing. 2614 E Adams, 
Phoenix, AZ 85034 


SECRET Scanner Frequencies: Federal, Police, 
etc. Catalog $1.00! CRB, Box 56PS, Commack, 
NY 11725 


COMPUTERS 


INKJET REFILLS $1.00 PS-INK Box 705 
Northfield, NJ 08225. Phone, Fax 609-641-5235 


COMPUTER SOFTWARE 


FREE CATALOG. IBM Compatible Shareware. 
CALOKE INDUSTRIES, Box 18477, Raytown, 
MO 64133. 816-478-6185 — 


IBM COMPATIBLE SHAREWARE. Send $1.00 
for 72 page catalog to Software Solutions, 2401 
Brooks St. #211, Missoula, Mt. 59801 


.. COMPUTER SOFTWARE 


LEARN C and make professional programs in 
10 days. FREE info. A.E. Tech, 551 Dovercourt 


rd, Toronto, Ont., M6H-2W5 


BATTERY | 
MASTER SWITCH 


| Patent Pending 


Can fit post, 
| lug or side 
terminal batteries 


Disconnects all electrical circuits with a simple turn 
of the knob. Attaches to battery in minutes. Heavy 
| duty. Suitable for 12 or 24 volt batteries. 


Eliminates battery peek! iE electrical fires, 
provides emergency cu 
| Remove knob to stop theft and 
ипашлопеа operation $1 4 95 — id 
Add $1 for side adapter 
BATHURST, INC. 
Box 27-PS, Tyrone, PA 16686 
814-684-2603 


Quantity discounts-12 units or more. 


CONTACT LENSES 


BUY YOUR CONTACT LENSES (ALL 
BRANDS) AT WHOLESALE PRICES. 70% 
SAVINGS, EXAMPLE-DISPOSABLES 
$17.00. INFORMATION 800-521-3511 


DO-IT-YOURSELF di 


4 | | 
"^ Portable Sensor == 
Guard! - i 


intruders and sounds alam. Works == 
anywhere, from campsite to motel rooms! = 
SENSOR Ready to Use ........................ 


Flashing Neon Wand High ~ ` 17 
Visibility multicolored device. Use for emergency | 
night walking, warning beacon, decoration - 

many uses! NEON to Use .... $29.50 


High саш т super sensitive, cay assemble 
ks. XFMXTL -2 ШИВ .349.50 


Window 
рое 
аѕег 
Listener (4.2 
|| Aim at window anc listen to sounds from reflected 
light. CAUTION: Not for illegal use. (req's video 
tripod) LWB30 Ready to Use ............... „5199.50 
WC, Visa, Check, Cash, COD 
Send or Fax Orders To: Dept PS2 
aa PO Box 716,Amherst NH 03031 
Orders 800-221-1705 Fax 248188 8413 


BUGGED? PHONE TAPPED? FREE Catalog 
of Counter-Surveillance Equipment tells you 
Fast! (800) 732-5000 

DON’T HIRE ELECTRICIAN! Home wiring 
projects, 2 hr video. $29.95 15 yr electrical 


inspector. Alexander Productions PO Box 388-A | 


Littleton, CO 80160 


LASERS ——d4 
He Ne Tubes nem | 


and $ 2500 


Laser Diodes 


FREE CATALOG 
ШЄНЕШН--4 P. О. Вох 1724 
INSTRUMENTS Glendale, AZ 85301 


Easy to Build, PORTABLE OUTDOOR FIRE- 
PLACE for PATIO and CAMPING, No welding. 
Plans $6 to Leisure Designs, PO Box 2063, 
Vacaville, CA 95696. 


CLASSIC CARS | 


$5.00. SUPERCIRCUITS, 


surveillance Devices ! 


MS - 25 Telephone Transmitter Kit 
Micro Speck Tiny - 1/3 the size of a dime! 
ofessional quality - Crystal cle aD 
bn any FM radio up to 1/4 mile, "Snapkit 
| technology for easy assembly! 
S hi avallable: Tiny room transmitter 
highest power available. The most 
22 пе of any offered - MD250 $44.95 
Guaranteed to be smaller than any 
other transmitters offered anywhere! 
Telephone Transmitter Kit 
hidden in a dual modular adaptor | 
ransmits both sides of conversation to. 


D Хучар dicii deseo 
Telephone time up to 12 hours! Recording starts and 

Beroni ell цал ho aie 
$99, 95 Also avaliable: 2 line version THR-24 


| Me tena Visa/MC (214) 255.7490 
or-Radix Inc. Box 166055 Irving 1 人 


LASERS, pointers, lightshows, holography. For 


free catalog write: Midwest Laser Products, 
P.O. Box 2187, Bridgeview, IL 60455 


Micro Video Camera Sees an entire room 


through 1/8" hole $215.00 call for info, 


201-794-9766 Ext. 825 


SURVEILLANCE 
Hidden Videos Electronic Kits • Shotgun Mics 


Vehicle Tracking « Voice Changers « Caller ID 
Bug/Phone Tap Detectors • Locksmithing , And More 


Z-Hour and 16-Hour Telephone Recorders | 
Automatically Tapes Incoming/outgoing calls 
FOR CATALOG SEND $5.00 TO: SEY OUTLET 
P.O. Box 337, Buffalo, NY 14226 (716) 691-3476 


POORMAN'S INFINITY TRANSMITTER! 
Monitor room conversations! $2.00 part converts 
any telephone! Plans $1.00, Free Catalog, 
Electromart, Box 4, Carthage, TX 75633-0004. 


POTATO CANNON Launches  Potatos 
1200FT+ USES AIR. M.C. Visa. Plans $15.00 
J&T Communications. P.O. Box 302 Taftville, 
CT 06380 


TELEPHONE LISTENING DEVICE 


Record telephone conversations in your office or 

home Cannecis between any casselle or tape 

4 recorder and your Ielephone line Starts auto- 

| "EROS matically when phone rs answered Records Dorh 

sut 1 p, 5285 0! Conversabon Stops recorder when 
eu. i phone i hung up 


Super Powerful FM TRANSMITTER 
| Many teres mong powerful than oiher transmitters 
Transmits up Io '@ mie (0: any FM rado -Easy 10 
1 Assemble Кї - up ш FY battery (гий mc! ) 
| For catalog of Transmitters, Voice Scrambler and 
oiher speciaty Пет enclose $2 O0 10 US! Corp 
Call 407-725-1000 or send $19.95 + $1.00 
shipping per itam to: USI Corp., PO Box 
Р5-2052, Melbourne, FL 32902 COD: OK. 


1513" 


SHOOT AMAZING HIDDEN VIDEO, UNDER 
$140! Microvideo cameras, transmitters, micr 
VCR's more! "Affordable Microvideo' Catalog, 
13552 Research 
#B-2, Austin, TX 78750 


SURVEILLANCE, COUNTERSPY, PROTEC- 
TION. Guaranteed Lowest Prices! Catalogs 
$5.00 PROTECTOR, Box 520294-A, Salt Lake 
City, UT 84152 (B01)-487-3823 


UASERSTEROM 


WE SELL LASERS FOR EXPERIMENTS, LIGHT-SHOWS, 
INDUSTRIAL APPLICATIONS. LEARN ABOUT LASERS 
WITH OUR PLANS, BOOKS AND KITS. START YOUR OWN 
LASER LIGHT-SHOW BUSINESS-PLANS ONLY $ 25.001 
CALL FOR YOUR 

MWK INDUSTRIES 
1269W. POMONA, 


(909) 278-0563 | 
СОРОМА,СА91720 FAX: (909)278-4887 


SURVEILLANCE- 
COUNTERSURVEILLANCE- WE HAVE 
EVERYTHING! Catalog $5.00 P.E.P. Box 
930024-5, Norcross, GA 30093 


COPIER OR PRINTER CARTRIDGE! 
Do it yourself REFILL IT CANON” COPIERS | 
И 5 easy SAVE OVER 75% | | 


"n it included .$19. 95 

: Rep pacer eh i à | LASER ната 
MORACK ت‎ “8519. g5 
INCORPORATED Order or information| SHARP. COPIERS | 
3132 Windsor Or 0 (708) 598-0520 | XEROX" 500A | 
Palos Hs. Шз r Fax usen | $29.95 


SURVEILLANCE TELEPHONE $175.00 
SMALL MODULAR JACK ROOM MONITOR 
$155.00. ROOM AND TELEPHONE $189.00. 
REMOTE RECORDERS $479.00. 
800-633-8277 5500 CATALOG. LISTEN 
ELECTRONICS 603 ELGIN, MUSKOGEE, OK 
74401 


EDUCATION & INSTRUCTION 


Learn to f to fix computers! | 


Home study course. Train to 


earn great money repairing, in- 
| stalling, troubleshooting, and 
i servicing PCs. Free literature. 
Call 800-223-4542! 
{ The School of PC Repair i 


6065 Roswell Rd., Dept. JJF109 
PCDI, Atlanta, Georgia 30328 
шин шин шш пыш X шин шин | 


BECOME АМ ELECTRICIAN. APPROVE 
HOME STUDY. FREE CAREER LITERATURE. 
P.C.D.., ATLANTA GEORGIA. 800-362-7070 
DEPT.TEF109. 


FREE VIDEO External BA/BS, MS/MBA, PHO 
LAW. Accredited, financial aid, (800)471-3776, 
LA SALLE UNIVERSITY, Dept. #776, Man- 
deville, LA 70470-4000. 


HIGH SCHOOL at кеше. diploma awarded. Low 
monthly payments. No classes, information free. 
Phone free 1-800-228-5600, or write American 
school, Dept. #347, 850 E. 58th Street., Chi- 
cago, IL 60637 


LEARN VCR REPAIR. GREAT PROFITS. 
HOME STUDY. Р.С.О.., ATLANTA, GEORGIA. 
FREE LITERATURE. 800-362-7070 
DEPT.VRF109. 


ргы | 
Ве а home inspector! 
Career-level home study i 


course helps you earn more, 
| be more independent. School Ї 


| of Home Inspection, Dept 

1 PPF 109, PCDI, 6065 Hosweil | 
WE Rd. Atlanta, Georgia 30328. 
Free career literature. 1 


бай 800-223-4542 | 


т 
F FT 
11 j 


PARALEGAL GRADED CURRICULUM. Ap- 
proved Home Study. Affordable and Compre- 
hensive. 100 years of legal training. Free catalog 
(800-826-9228) Blackstone School of Law, P.O. 
Box 871449, Department PS, Dallas, TX 75287. 


PRIVATE INVESTIGATION TRAINING! Big in- 
come! Own Boss! FREE Information. Probe, 
P.O. Box(PS) 2133, Beverly Hills, 
90213-2133 = 


University Degrees! Economical home study 
for Bachelor's, Master's, Doctorate, licensed by 
the California State Council for Private Pos- 
tsecondary and Vocational Education. Pros- 
tigious faculty counsels for independent, in- 
dividulaized, ^ at-a-distance education.Free 
information: Richard Crews, M.D.(Harvard), 
President, Columbia Pacific University, Dept. 
2R55, 1415 Third St, San Rafael, СА 94901: 
800/552-5522 or 415/459-1650. 


UNIVERSITY DEGREES WITHOUT 
CLASSES. BACHELOR'S, MASTER'S, DOC- 
TORATES. ACCREDITED, INEXPENSIVE, 
FAST. FREE INFORMATION. BEAR'S GUIDE- 
C&B, PO BOX 826Р5, BENEICA, CA е6 
800-835-8535. 


` ELECTRIC VEHICLES 
VOLKSWAGEN CONVERSIONS. INFORMA- 
TION! , 1-800-KAYLOR-K. PUBLICATIONS, 


VIDEOS, COMPONENTS. KAYLORKIT, POB 
1550PS, BOULDER CREEK, CA 95006-1550 


CA 


| | DONTYOURSELF || DO-IT-YOURSELF | ELECTRONIC EQUIPMENT 


DON'T THROW AWAY THAT USED 


DC/AC POWER INVERTER operates AC appli- 
ances in your car, RV, boat. 250-Watt $59.95. 
A-Plus 1-800-877-7587. 


EMBLEMS, PATCHES, DECALS 


CUSTOMIZED PATCHES, PINS, DECALS. 
FREE CATALOG, STADRI, 71R TINKER 
STREET, WOODSTOCK, NY 12498 
(914)679-6600. 


EMPLOYMENT INFORMATION 


$329.84 Weekly Assembling Products At Home. 
Free Information. Toll Free 1-800-333-3294 
(Message). 


EASY WORK! EXCELLENT PAY! ASSEMBLE 
PRODUCTS AT HOME. TOLL FREE 
1-800-467-5566 EXT. 8068 


HELP WANTED 


EARN MONEY Reading books! $30,000/yr In- 
come potential. Details. 1(805) 962-8000 Ext 
Y-20025 
Excellent Income! "— easy products al 
home. Program Guaranteed! 1-800-377-6000 
ext.6050. 


Work 
Free! 


High -Paying! Easy Product Assembly. 
from home. Now Hiring! Та! 
1-800-754-7060 Extension 5110. 


HOME TYPISTS, PC users needed. $35,000 
potential. Details. Call (1)805 962-8000 
Ext.B-20025. 


ENERGY SAVING 


Greenhouse Kits from $599! Factory Direct 
Clearance 12’ by 3 panel do-it-yourself kits. 
Fiberglass reinforced panels. $2 for Catalog. 
Solar Components, Dept. PS, 121 Valley, 
Manchester, NH 03103. 603-668-8186. 


LOWER ELECTRIC BILLS 50%. Master Electri- 
cian Shows You. Proven Techniques. $3.00 
Booklet: B.N.B. 419 Laurel Hill, Cranston, R.I. 
02920 


FINANCIAL 


FEDERAL LOANS for small business now 
available. 1-800-777-6342 for free detail. 


How-to Successfully Erase Bad Credit, 4 
PROVEN methods. Free details. Write Today! 
ACS- PS495 4415 W. Harrison #220-C Hill- 
side, IL 60162-1904 


MAJOR CREDIT CARD GUARANTEED! Bad 
Credit? No Credit? No Problem! Visa/MC 
Available now, regardless of credit history. Cail 
Toll-Free. 1-800-225-1020, Ext 722. 5bam-10pm 
PST, 7 days. 


NEED MONEY FOR COLLEGE? Computerized 
scholarship search can help. Write, Good News 
And Services, Box 60522 Fort Myers, FL 33906. 


OVERDUE BILLS? 1-800-869-0607. Bad cred- 
its no problem! Licensed / Bonded. Applica- 
tions to $50,000. Not loan company. TCAC. 
Box 26397, Birmingham, AL. 35226 


Quick CASH. No Collaterial. Мо credit check. No 
up front fees. 213-882-4269 


SMALL BUSINESS - Let the Govemment Fi- 
nance You! Loans, Grants, Assistance! Satisfac- 
tion Guaranteed! 1-800-226-3601, BF6050. 


FISH & PETS 


LIVE SEAHORSES. Mated Pair With Seakit 
$13.95. Catalog $1.00. Seafarm, Box 143103 
Coral Gables, FL 33114 


FOREIGN NEWSPAPERS 


WORLDWIDE ENGLISH NEWSPAPERS 
MAGAZINES! SAMPLER: 3/$2.98 FREE BRO- 
CHURE. MULTINEWSPAPERS, Box 866-35, 
Dana Point, CA 92629 
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FOR INVENTORS 


i 一 — 


WORK DIRECTLY WITH | 
REGISTERED PATENT ATTORNEY | 
& GRADUATE ENGINEER 
36 YRS ENGINEERING & PATENT EXPERIENCE 
U.S. & FOREIGN PATENTS 
PATENT AND DEVELOP IDEAS WITH THE 
EXPERIENCE OF AN EXPERT. FREE 228 PAGE | 
| BROCHURE. CONFIDENTIAL ADVICE AND FORMS. | 
INTRODUCTION TO INDUSTRY, 
| MARKETING PLANS, OFFSHORE 
| PRODUCTION & PROTOTYPES 
Also Specializing in Copyrights & Trademarks 


Associates located at Patent Office 
CREDIT CARDS ACCEPTED: SAT/SUM HOURS | 


MICHAEL I. KROLL 
REGISTERED PATENT ATTORNEY | 
US PATENT REGISTRATION $26,755 | 
| 171 STILLWELL LA., SYOSSET, NY 11791 
TOLL FREE US/CANADA 800-367-7774 


Toll Free FAX - US & Canada 800-367-7773 | 
" International Phone/Fax 5 516-692- 8706: | 


A NEW IDEA? Present Your Idea To Industry. 
Learn How To Protect & Market An Idea Free 
Info Kit. Offices Nationwide. 800-681-4332 


AVOID INVENTION SCAMS: Free investigative 
reports exposing invention marketing compan- 
ies. Patent Research 1-800-428-5779 


DON'T BE FOOLED! CALL OUR INVENTORS 
CLUB 24 HOURS FOR INFORMATION. 
1-800-466-1793 


FREE help for inventors! No charge for protec- 
tion forms and information kit. Affiliated In- 
ventors Foundation. 1-800-525-5885 


FREE INVENTION PACKAGE: Davison & As- 
sociates offers customized Development, Pat- 
enting, and Licensing. Proven Results: 
1 -800- 677- 6382 


FREE PROTECTION CERTIFICATES, PAT- 
ENT DEVELOPMENT, MARKETING, INFOR- 
MATION. U.S. Patent Office Examiner Suite 
702PSF 233 Broadway, New York, NY 10279 


INVENTIONS WANTED! | started the company 


that licensed and sold over 5 million Thig- | 


hMasters. My new company wants to license 
exciting new inventions. Call 203-222-9082 for 
more details. 


INVENTORS! Can you patent and profit from 
your idea? Call AMERICAN INVENTORS 
CORP. for free information. Serving Inventors 
since 1975. 1 -800-338- 5656. 


INVENTORS DIGEST. Celebrating ten years 
as America's only inventors magazine. $22 per 
year. 1-800-838-8808. 


“The L Logical Pr Process ® 
Inventors 
Your first step is important! ! 
Comprehensive patenting 


and marketing service. 
Advanced Patent Services, Inc. 
Washington DC 


| Call for free advice 800-458-0352 | | 


INVENTORS: Deal directly with an experienced 
patent attorney in Washington, DC. Free in- 
formation package 800-876-6670, J.P. Halvonik 


INVENTORS!! DO YOUR OWN PATENT 
SEARCH- 24 page Booklet. $12.95 COLOR- 


PRINT PUBLISHING, 610 Court St., Clearwater, | 


FL 34616. 


Inventors: If you have an invention for sale.or 
license, write for free booklet explaining how we 
can help you. Kessler Sales Corp., C-7-FI-5, 
Fremont, Ohio 43420 


INVENTORS, START HOME R/D COMPANY. 
TAX ADVANTAGE, etc. Thorne, PO Box 759, 
Concrete, WA 98237. 


INVENTORS - NEVER SEND IDEAS TO 
STRANGERS! AVOID SCAMS - SAVE THOU- 
SANDS! REVOLUTIONARY, PROTECTION, 
MARKETING METHOD! NONPROFIT OR- 
GANIZATION.. FREE INFORMATION: 
1-800-846-3228. 
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1-800-414-1551 


FOR INVENTORS 


Í INVENTOR'S HELPER 
: Have a Bright Idea? 
| PROTECTED Ideas Have PROFIT Potential! 


UN гэ 0ч 
Ч [ 

à | | 
1 _ 


iat E E, Чы | 


i PATENTS * TRADEMARKS * COPYRIGHTS J 


. 


(800) 633-9729 (516) 757-2573 


INVENT SOMETHING? ESI Inc. links uncon- 
nected individuals with decision-makers. Free 
brochure supplied. (800) 547-7885 


PATENT AND DEVELOP Your Invention. Reg- 
istered Patent Agent and Licensed Professional 
Engineer. Send for FREE PATENT INFORMA- 
TION Every Inventor Should Have. Richard L. 
Miller, 12 Parkside Drive, Suite-N, Dix Hills, NY 
11746-4879. (516)499-4343. 


PATENT IT ECONOMICALLY! Free details. 
Licensed since 1958. Rainer Associates. 2008 
Fondulac, Richmond, VÀ 23229 


"PAY ON SALES MADE" We'll Launch Your 
National T.V. & Print Campaign Free. Applica- 
tion & Eligibility Study Required. Restrictions 
Apply. AS SEEN ON T.V. INC. 800-626-0688. 


REGISTERED PATENT ATTORNEY. D.A. Ket- 
tlestrings. Free patent/trademark information. 
1-800-966-7577. 


S.E.L.L. YOUR IDEA...Twenty-five Years Ex- 
perience Patents - Licensing - Marketing 

Free Comprehensive Evaluation Harshaw Re- 
search 1-800-451-1326 


FOR THE HOME 


NEW- TELESCOPING FLAGPOLE. 20ft.Tall. 
No Rope, Pulleys. Easy, Portable, RV, Home, 
Business. (800) 587-3524 | 


PREVENT CRIME! Call for free information. 
National Crime Prevention Center. 
1-(800)919-0900. 


GARDENING 


AUTOMATIC FERTILIZING INVENTION Atta- 
ches To Hose, Sprinklers, Drip Systems. Results 
Guaranteed! Brierli-PS, 734 Boulder, Hender- 


| son, NV 88015 


"BIG DRIPPER" New Easy To Install Low 
Pressure Drip System For Flowers, Vegatables, 
And Trees. ЇЇ Not Satisfied Return For Full 
Refund. $29.50 Please. And $4.95 Each Order 
For Shipping & Handling. Ог Call 
1-800-443-7467 For Visa Mastercard Orders. 
Northern Tier Box 5083 Dept.P Sheridan, WY 
82801 


"WINDOW SHELTERS” A New Resuable Hot 
Cap To Protect Young Plants And New Seed- 
lings In Early Spring. If Not Satisfied Return For 
Full Refund. 6 For $19.95 Or 12 For $37.95. 
Please Add $4.95 Each Order For Shipping And 
Handling. Or Call 1-800-443-7467 For Visa 
Mastercard Orders. Northern Tier 5083 Dept P. 


| Sheridan, WY 82801 


| GIFT IDEAS 


PERSONALIZED DISTINCTIVE GIFTS for all 
occasions PLUS MUCH MORE. 45 page color 
catalogue. Send $5.00 refunded with first order, 
Blackcreek Merchandisers, Dept.101, 12506 
Cranwood Lane, Savannah, GA 31419 


HAIR CARE 


Alternative Methods For Hair Growth. 
$10.00 to: Echo Research, 
Federal Way, WA 98063. 


MEN'S 24 PAGE HAIRPIECE CATALOG! For 
$20.00 Discount Mention This Ad. . Call: 
1-800-543-0123. Fax: 1-203-375-9270 


` HEARING AIDS | 


TOP QUALITY- BEST PRICES- FREE CATA- 
LOG. Home Trial, Cal SCI Hearing 


Send 
PO Box 3296, 


HEARING AIDS 


FHEE 
_ CATALOG! 
| New Hearing Aids 


| * All Models 
* Huge Savings (办 
* No Salesman will call 


Try Before You Buy! 


Write: Rhodes Hearing 
20112 Ohio St., Brookport, IL 62910 
1-800-453-4905 (24 hrs.) 


Hearing Aids Deal Direct. Guaranteed Low- 
est Discount Prices. Top Quality Made in the 
USA. Home Trial Free Information. 
1-800-641-4327. True Sound 


HEARING AIDS- GUARANTEED LOWEST 
PRICES! No huge commissions. Home trial, 
terms. All makes. We're the oldest, biggest, 
best. Custom instrument specialists. Free in- 
formation,(800) 323-1212. Lloyds - PSC. 


HOVERCRAFT 


FAST, SIMPLE, QUIET HOVERCRAFTS. 18 
Designs. Catalog $2.00. Box 281 Cordova, Il 
61242 


HYPNOTISM 


FREE! Self Hypnosis Report. Write: JKL 384 
Penobscot Building, Detroit, МІ 48226-P 


INVENTIONS 


INPEX- World's largest invention show! 1500 


Exhibits expected from 35 countries. Invention/ | 


technology/ licensing/ sales opportunities! May 
18-21, 1995. Attend/ exhibit! 1-800-422-0871. 


INVENTIONS, ideas, new products! Presenta- 


tion to industry’ national exposition. 
1-800-288-IDEA. | 


INVENTIONS WANTED 


INVENTIONS DEVELOPED MARKETED Free 
PROTECTION CERTIFICATES. Patent Office | 
Former Examiner, Licensed Patent Engineer, 
Manufacturers Representative. Patmart, Suite 
702Р5, 233 Broadway, New York, NY 10279 


INVENTOHS: Free Patenting Information Kit! 
The Concept Network Represents people with 
new Product Ideas. Prototype or schematics 
preferred: but not required. Call today 
1-800-835-2246 Ехї.67. 


TOYS, GAME CHILD PRODUCT IDEAS 
WANTED. You collect royalties, we pay ex- 
penses. 1-800-574-4599 Anytime. 


KITES 


FREE KITE CATALOG! 1-800-724-7267 
Ext.PS 100's of Kites! Fantastic Selection! Call 
(24Hrs) 1-800-724-7267 Ext.PS 


LOANS BY MAIL 


BORROW $500-40,000! "Overnight" on Signa- 
ture. Keep indefinitely! Action, Box 5499-Y, 
Diamond Bar, CA 91765 


SIGNATURE Loans, must have checking ac- 
count & steady job. Call 1-800-445-0680. 


LOCKSMITH MANUALS, TOOLS, CATALOG 
$10.00, SCHOOLING BROCHURE $2.00. 
ABCS, PO BOX 727 SHERBORN, MA 01770. 


| Boston, MA 02111 


LOCKSMITHING | 


PROFESSIONAL MAGIC! Huge Catalog, ove 
1,000 Tricks and Books. $6.00 Hank Lee 
Magic Factory, Dept. PS5, 127 South Street 


MISCELLANEOUS 


RAILROAD CABOOSES AVAILABLE. SPE 
CIAL SALE $3,500- $4,000 EACH. TRACK 


| ONE 302-475-5181 | 


Will God Heal America? Eternal Security? Freg 
Bible Studies. Light: St. Maries, ID 8386 
(208)245-2113. 


MODELS--SHIPS, CARS, PLANES) 
ROCKETS | 


S SCALE 
TRAINS 


"LARGEST MANUFACTURERS 
«LIFETIME WARRANTY- 
Send 51.00 
AMERICAN MODELS Dep. РЭ 
10087 Colonial Ind.Dr. 
South Lyon, MI 48178 


MONEYMAKING OPPORTUNITIES 


EASY WORK! EXCELLENT PAY! ASSEMBLE 


PRODUCTS АТ НОМЕ. 
1-800-467-5566 ЕХТ. 6517 


ТОЦ. FREE 


NOVELTIES 


SKELETON HEY 


fou Gel 3 Sized Tentin Keys. Precise Instructions & More 


Note: fag device is to be used for demonsiraion purposes any | 
| Satisfaction Guaranteed or Full Refund: 2 weeks delivery 
Send NOW only 58.95 +52 S&H lo. Sale Marketing CÒ., 
90 W. Montgomery Av No.366R, Rockville Md 20850 


OF INTEREST TO ALL 


FREE! 3.5"PC DISKETTE. Borneo Exotic Para! 
dise Travelers Guide + Scenery. (P&H$5). Tri 
seven. Box 12463, 88827 KK, Sabah, Malaysia. 


HOW-TO VIDEOS. All your: interests. NOT 
AVAILABLE IN STORES! Big catalog $1 
SPUR, Box 871-PS, Colorado Springs, CC 
80901. 


OLD GOLD, JEWELRY WANTED 


TOP PRICE paid for Gold, Silver, Platinum; 
Diamonds, Jewelry, Write for free information 
Ghicago Gold & Precious Metals, 10 South 
Wabash, Chicago 60603 


PLANS & KITS 


“SPACETOWER' = 


-GIVESFREE LIVING-SPACE! 
Н. 
Dr : ei gen la SPACETOWER" Module in YOUR Yard! 
їр 01.40 Tiny Legal gft Soare Pot Anywhe 
телда») Uv Re adm Bach upetair 
e гї in Sout I 
= " "ann tet 
3 aug s 4 
Ceri E PREFAB- > шы ^ Tu -fh 
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Concrete Dome Kii (800)608-0001| 


Monolithic Constructors, Inc 
PO Box 4/9-H » Italy, | & 76551 


Free Brochure 
or $19.95 
Video 


Build your own strong 
Iconcrete Monolithic 
Э CMilces 


Lome 


homes, sheds 
cabins, rental 
1 units, etc. 


Dome Homes - Pre-cut kits - Superinsulated - 
Dome Tour Video Natural Spaces 
1-800-733-7107. 


PLANS & KITS 


WELDING ALTERNATOR, Build your own up to 
20 Amps, Plans $7.95. Micro Machinery 3915 
iberty Rd. South Salem, OR 97302 


PLANS, BLUEPRINTS 


EMERGENCY SOLAR POWER for Lighting. 
inexpensive and Easy to Build. Send $9.95 for 
Plans to R.D. Hoffeld. Box 2222, San Gabriel, 
СА 91778-2222. 


PLASTICS 


ASTOLITE Liquid Plastics. Crystal clear, col- 
ors. For casting, embedding, coating, fiberglas- 
sing, repairing and reproducing with our Mold 
Making Supplies. Catalog $3.00. CASTOLITE, 
| . 95b/PS, 4915 Dean, Woodstock, IL 


techniques, 
Box 


AUBBER, plastic compounds, 
sources. Free information: Caster, 
1 6586У4, Memphis, TN 38186-0586. 


PRINTING SERVICES 


NHANCE COMPANY IMAGE! Custom Busi- 
hess Cards/Letterhead Free brochure са! 
1-800-422-8932 Ext.4595. 


REAL ESTATE 


| MONTANA 


Trees. Creeks and Wildlife. 20 QUALITY acres 
(and up). close to Yellowstone Park, starting at 
1514.900. Easy Owner Financing. Guaranteed 
Access. Warranty Deed. Free Color Brochure. | 
Rocky Mountain Timberlands 
1315 East Main * Dept. PS. P.O. Box 1153 
Bozeman, MT 59771-1153 * (406) 586-8088 


— Call Toll Free: 1-800-682-8088 - 


BARGAIN HOMES- Foreclosed, HUD, VA, S&L 
Bailout properties. Low Down. Fantastic sav- 
ings. Call 1-800-962-8000 Ext. H-20025 for list. 


CALIFORNIA Acreage. Lots $50 down. $50 
onthly. 4602 Ethel Ave., Sherman Oaks, CA 
1423 
US CITIZENS ONLY 
20 acre claim program still available, get yours for 
$20 government fee, in AK, AZ. AH, CA, CO, ID, MT, 
NV, NM, OR, UT, WA, WY. For complete, step-by- 


step package including maps. telephone helplina, fil- 
ing forms, etc. send $20; or for more intormation send 
$3. PUBLIC LANDS TITLE, PO Box 2945-P5 Port 
Angeles, WA 98362-0336 (this is not Homesteading, 
i's much easier and only costs $1. per acre) 


COLORADO LAND. Free list of spectacular 
land from 40 to 20,000 acres. Ponderosa pines, 
canyons, 360 degree views, creeks, National 
forest. Owner financing. From $250 per acre. 
Call Red Creek Ranch, 719-485-0656 


GOVERNMENT LAND now available for claim. 
Up to 160 acres/person. Free recorded mes- 
sage. (707) 448-1887. (4JG6) 


MINNESOTA BEAUTIFUL TIMBERED ACRE- 


AGE. $7300. GREAT HUNTING - FISHING. 

djacent STATE FOREST. LAKE One mile 
away. Easy Financing. Owner 1-800-782-0746. 
a ааа эг 


WHY PAY RENT? Own your own home. Fore- 
closures, Неро5, VA/Hud. Low $ Down With 


Low Interest. Loans, Call Toll-Free. 
1-800-549-2400 Ext 299. 5ат-10рт PST, 7 
days. 


HEMAILING SERVICES 


SCIENCE & CHEMISTRY - 


CONFIDENTIAL ADDRESS FORWARDING 
WORLDWIDE. VOICEMAIL MAILPOST, 
2421PS Pratt, Chicago, IL 60645, 
312-764-0100, 800-890-3199 


ROOFING | 


STOPPING ROOF PROBLEMS 
on flat, sloped and geo-dome roofs since 1978. | 
Liquid applied Fiberglass Reinforced Acrylic | 
Roofing System. It Waterproofs. Apply on metal, | 
waferboard, asphalt, styrofoam, plywood & other | 
new roof sheathing materials. For commercial, | 
industrial & residential roofs. Stops leaks & roof| | 
rumble in mobile homes. Weatherproofs solar 
panels, sky lights, fiberglass roof panels. Stops 
rust on metal and structural steel, bridges, etc. 
We still have areas 
available in various 
regions for Dealers 
and Distributors 
Inquiries are 
welcome. 
Call POLAR SEAL 
1-800-343-7663 
MON-FRI 8AM - 5PM 
FAX 1-219-356-1859 


HUNTINGTON, IN. 


What is the fabric of space? Theory on space 
creation. $13.95 Salvo Distribution P.O. Box 
1733 Summerville, SC 29483 


SONG WRITERS 


SONGS COMPOSED FROM YOUR POEMS. 
Recording- Publishing- Cash Awards. Broadway 
Music Productions. Box 7438Р5, Sarasota, FL 
34278. 


STAMP COLLECTING 


E 
| 300 Breathtaking Stamps. $1.00. Plus fantastic 
approvals!! NeoTrends. SE95, Box 982F, To- 
ronto, Canada M4 Y 2N9. 


DISCOUNT, STAMPS, PACKETS, FREE LIST 
IVA, BOX 197-B, HANFORD, CA 93232 


FREE Gold, Silver, Beautiful Stamps, With 
Approvals. Delor 21127 Fleetwood, Harper 
Woods, MI 48225 


Penny Stamp Approvals, Regardless Catalog. 
Kloster 18289 Bunny Drive, Jamul, CA 91935. 


COMPACT 5 e 
COMPACT B • 
COMPACT 10 * 
MAXIMAT SUPER 11, 

V-13 
BLUE RIDGE 
MACHINERY & 
TOOLS 


| ((304) 562-3538) 
BOX 536-P5 e HURRICANE, WV е 25526 


Satellite-TV 


| 100% Satisfaction 
| Guarantee 


56 Page 
Calalog Buyer's Guide 


: All Major Brands 

: Complete Systems 
: Accessories. 

: Huge Savings 

: Easy Installation 

+ Complete Intruct. 


Over 40,000 Satisfied Customers | 
1-800-334-6455 | 


| 11171 218-739-2231 Fax 218-718-4878 | 


(4 SKYVISION INC. | 
ph 24 1030 FRONTIER DRIVE 
FEAGUS FALLS, MN 56537 | 


INSTALL OR UPDATE YOURSELF! 


| 


Learn How Videocypherli owners get sound 
without codes. $19.95. NASSIRIAN, Box 382-5, 
Rio Linda, CA 95673 Е 


SAVE BIG! SATELLITE DEALERS BUY 
FROM US. YOU CAN, TOO! FREE BUYERS 
GUIDE/ CATALOG. 42 YEARS IN BUSINESS. 
ANTENNA KING, 1-800-814-5377. 


SCIENCE & CHEMISTRY 


CHEMICALS. WE CARRY ANYTHING YOU 
NEED IN LABORATORY CHEMICALS, 
GLASSWARE, INSTRUMENTS AND .SUP- | 
PLIES. ADVANCE SCIENTIFIC. 305-327-0900 


COLD LIGHT KITS- Chemical, Sound, Elec- 
trical, Bioluminescence. SASE for information: 
CRYOLUME, 2139 North University Drive, #274 
Coral Springs, FL 33071 


"EXPERIMENTERS" LABORATORY 
CHEMICALS GLASSWARE, Catalogue $2.00, 
Established 1953. Hagenow Laboratories, 1302 
Washington, Manitowoc, WI 54220. 


"Laboratory" Glassware, Chemicals.Catalog 
$2.00. Southern Oregon Scientific, 2001 Foot 
Hill Blvd. ste-E12 Grants Pass Or. 97526. 


MAKE YOUR OWN ROCKETS homemade 
fuels, chemicals, plans, supplies catalog $3.00. 
PYROTEK, P.O. Box 1, CATASAUQUA, PA 
18032 717-256-3087 


ROCKET FORMULAS AND SPECIAL EF- 
FECTS MANUAL $14.95 THOMAS 1911 
DOUGLAS BLVD SUITE 85 ROSEVILLE CA 
95661 


TOOLS & MACHINERY 


LATHES 


Starting at $ 410 


*Precision Instruments 


— 7 — 8 Catalog $ 1.00 
513- 322-8562 (800 number for orders 
CAMPBELL TOOLS COMPANY 


ы2100-Р БЕМА RD. SPRINGFIELD, OH 45505 


4" Metal Cutting Lathe $129.15. Taig, 12419 
Nightingale Lane, Chandler, AZ 85249. 


BOLTS, SCREWS, TOOLS, WHOLESALE, DI- 
RECT. Guaranteed. Catalog $2.00 (refundable). 
Camelot, Dept. 33, Box 65, Bristol, WI 53104. 


CNC MACHINES From $3,495 


* Mills * CAD-CAM 
. Lathes »*PC-Controlled 
* Routers * State-of-the-Art 


BOBCAD CONTROLS, INC. 
Call for FREE info: (310) 606-9340 or (800) 501-2886 


WATER PURIFICATION 


Electronic Water Softener no chemicals or 
plumbing needed, removes limescale from 
pipes, perfect for septics, moneyback guar- 
antee, $399.95 call EcoSoft 1-800-275-7070 


Waterwise Purifiers... homemade distilled. 
(BOO) 874-9028. Box 45981, Center Hill, FL 
33514-0459 


“Гре been advertising in 
Pop. Sct. for the past 50 
years on a ‘till forbid 
basis. It’s one of the best 
publications for running 
classified ads. I would 


recommend it to everyone 
in the mailorder 
business!” 


Melvin Powers, author 
“How to Get Rich in 
Mailorder.” 


Reach 4.5 million readers every month with an ad in Popular Science Classified Opportunity Mart. July 1995 issue deadline (on sale June 13th) is April 14th. Rates: $13.65 per word. 
Minimum ad 12 words. Darker type (bold) words $1.00 per word extra. Display Classified: $760.00 per inch. Payment with order, or charge your Visa, MasterCard, American Express or 
Discover Card {give number and expiration). Advertisers using box number in ad must furnish name and street address for our records. Send order and 
remittance payable to POPULAR SCIENCE, Classified, 2 Park Avenue, New York, NY 10016. For advertising information call 800-445-2714 ext. 5163 or 5132. FAX # 212-779-5568. 


Popular Science reserves the right to refuse any advertising order. Only publication of an advertisement shall constitute final acceptance for continued publication. All orders are 
subject to the applicable rate card, copies of which are available upon request sent to the address provided. ' 


Ms. Randi Cohan, Paul Walker, Classified Advertising Representatives 
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*Mills Metals *Books |. 


LOOKING 


25 YEARS AGO 
RESEARCH SUB 


EMO 
(Naval Exp- 
erimental 

T 09 Manned Ob- 

Г > servatory), a 
see-through 
submersible 
with a plexi- 

к glass hull, gives 
the sensation of 
Ж being on the in- 

' side of a fish- 
| bowl. In this 

two-man, 360-degree obser- 

vation chamber, nondiving 
scientists can observe and 
monitor underwater re- 
search and construction at 

depths of up to 600 

feet."—September 1970 

Japan's Shinkai ("deep 

sea”) 6500 is the deepest div- 

ing manned submersible, ca- 
. pable of descending 6,500 

meters (hence the name), or 


about 21,000 feet. 


75 Years Асо 
DEPTH GAUGE 


ludes from a series of 

Ї photographs taken from а 
seaplane that ocean depths 
can be gauged by the tints 
of the water pictured. He 
further claims that the 
makeup of the ocean floor, 
whether it is rocky, sandy, 
or muddy, can also be deter- 
mined in this fashion.” 
—July 1920 . 

Today, the main method 
for determining sea floor 
topography is much the 
same as it was in the 1920s: 
echo-sounding. A ship sends 
a sound wave straight 
down, and times how long 
it takes to come back up. 


| French scientist con- 
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50 Years AGo 
Deep-Sea PHOTOGRAPHER 


Co of history once concealed by 
salty seas can now be captured by a 
simple apparatus consisting of a cam- 
era and flash bulbs suspended on a pole 
and attached to a long cord. With this 
invention, keys to the origins of conti- 
nents, locations of petroleum pools and 
other natural resources, plus sunken 
ships, await discovery. Scientists at 
Woods Hole Oceanographic Institution 220 
on Cape Cod have already taken pic- aos! 
tures at depths of up to three miles, шин 
several times farther than ever before.” 
—March 1945 


100 YEARS Aco 
Our Samy Seas 


[ appears that the oceans were salty from the beginning. 
During the Archaic epoch, the surface of the earth may not. 
have been warmer than 250°F and the waters of the ocean 
existed as an atmospheric vapor. As the earth cooled, the 
clouds rained down, and the rainwater that filtered through 
the saliferous land carried salt through natural ducts toward 
the newly created sea."—December 1895 

Oceanographers still believe this is why the primitive 
oceans were salty. Today, most of the salt in the oceans comes 
from rocks and silt whose salts are dissolved by rain and car- 
ried down the rivers and out to sea. [See FYI.] 
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25 YEARS A60 
Current EVENTS 


I: an effort to study. the 
effects of ocean currents 
on coastline erosion and . 
sediment flow, the United 
States government is 
dumping sand mixed with 
radioactive isotopes of gold 
into coastal waters a short 
distance offshore. Under- 
water radiation detectors 
then trace the movement 
of the tide in a 500,000- 
square-foot area. The dis- 
persal of one quart of the 
golden mixture can be 
monitored for up to a week 
before dilution and ra- 
dioactive decay make the 
gold undetectable." 
—November 1970 

Today, two types of cur- 
rent monitors are widely 
used. Rafos floats, invent- 
ed by Thomas Rossby at 
the University of Rhode Is- 
land, are devices that re- 
cord wave movement and 
sound and then surface pe- 
riodically to transmit their 
data to a satellite. ALACE, 
invented by Russ Davis of 
the Scripps Institution of 
Oceanography, is another 
monitoring device that 
surfaces to transmit its 
whereabouts to a locator 
system aboard a weather 
satellite so scientists can 
measure the speed and di- 
rection of the currents. [See 
Oceanfronts./ 


50 Years AGO 


RADAR OF WHE DEEP 


aum gr A Р ааа aie lis als a б is the new radar of the deep. It can be 


we 


ed not only by mariners to avoid reefs 

and wrecks, but also by fishermen and natu- 

ralists. Sonar devices include listening gear, - 

i... ranging equipment, and sounding apparatus. 
_ The devices transmit regular puls 

~~ energy that travel th 


of sound 
h the water and are 


reflected Ve a target. The ар time between transmission and the resulting echo re- 
ceived by an antenna indicates the distance to the target. —November 1945 
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Never miss · 
another 


pore u p 
ИР s h o 1. 


When you're shooting away at 


two frames per second, composing 


the perfect shot without changing 


lenses, you will know why the | 


Olympus 15-3 DLX has been 


Д ب د‎ AN а т РЕ | 
| "urn f called a truly revolutionary camera 


that redefines photography. With 


features that give you countless 


possibilities, the 15-3 is a smaller, 


lighter, faster SLR that's all in one. 


Heal photography, real easy. 


THE OLYMPUS 15-3 DLX 


* BUILT-IN 35-180MM ZOOM LENS 

* EDGLASS FOR CRISPER IMAGES AT ANY 
FOCAL LENGTH | 

* AUTO-FOCUS, MANUAL OVERRIDE FOR 
CREATIVE CONTROL 

e SHUTTER SPEED TO 1/2000TH SEC 

* MACRO AT 35-120MM TO 23.6' 

* 4 FLASH MODES | 

* 8 EXPOSURE MODES 

* ISO 25-5000 IN 1/3 STEP INCREMENTS 


* COMPACT AND LIGHTWEIGHT 
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